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Abstract 
The rhodium(II) radical of 仍-tetramesitylporphyrin (tmp) has been 
synthesized successfully by a modified method of photolysis of Rh(tmp)Me under 
anaerobic conditions at low temperature. 
Novel intermolecular activation of aliphatic, unstrained carbon-carbon and 
carbon-silicon bonds of nitriles by Rh(tmp) have been observed. Triaryl phosphines and 
pyridines ligands were found to be compatible ligands to promote both C-C and C-Si 
bonds activation. Due to effect of steric, coordination, ligands and bond strength, 
different types of C-C and C-Si bond cleavages were observed. They include Ca-CN, 
Ca-Cp, Sia-CN，Sip-Ca and Sia-Cp bonds activation. 
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同，碳 -碳鍵及碳 -娃鍵可以發生不同類型的活化，其中包括 C « - C N， C „ -
Cp, Sia-CN，Si(3-C„ 以及 Si«-C|3 鍵的活化。 
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PART I: ACTIVATION OF CARBON-CARBON BOND 
OF NITRILES BY RHODIUM PORPHYRIN RADICAL 
CHAPTER 1 General Introduction 
I. l . l Activation of Carbon-Carbon Bond (CCA) by Transition 
Metals 
The activations of inert chemical bonds by transition metal complexes are of 
fundamental importance in basic chemical research with potential applications in 
chemical industry. In the past decades, transitional metal complexes have been 
successfully used to activate inert chemical bonds including C-H bonds.' Activation 
of carbon-carbon bond is one of the most challenging reaction. Oxidative addition of 
a C-C bond to a transition metal provides a direct method for C-C bond cleavage. 
Transition metal complexes have been shown to activate C-C bonds in heterogeneous 
conditions and at high temperature. However, the cleavage process is not selective.' 
Thus, the development of efficient and mild methods for selective cleavage of 
carbon-carbon bonds especially in homogeneous media by transition metal 
complexes has been very challenging.^ 
I . l . l . l Potential Application of C-C Bond Activation 
I.l.l.1.1 Cracking 
Catalytic cracking consists of breaking saturated hydrocarbon (〉Ci2) 
molecules into more valuable C2-C4 olefins and paraffins, gasoline, light oil, and 
coke (Eq 1.1 and 1.2)? 
1 
C C A 
CnH2n+2 Cn-mH2(n-m)+2 + CmHsm (1.1) 
example: 
C C A 
C15H22 CsH-is + C7H14 (1.2) 
Pentadecane Octane Heptylene 
C C A 
CsHis ^ C5H12 + C3H6 (1.3) 
Octane Pentane Propene 
The majority of the reactions are endothermic and heat must be supplied to 
the cracking processes. Cracking can be either purely thermal or thermal and 
catalytic. For the thermal cracking, over 800 °C is used to break large hydrocarbon 
into smaller pieces. For the catalytic cracking, a catalyst (e.g. Zeolite., aluminum 
hydrosilicate, bauxite and silca-alumina) is used to speed up the cracking reaction 
with the temperature over 500 Thus, if the application of improved C C A is 
made catalytic, it may provide more energy efficient petroleum refinery processes.^^ 
1.1.1.1.2 Depolymerization 
Depolymerization is the conversion of polymer wastes back to their starting 
materials which are lower, biodegradable hydrocarbon fragments. It is a promising 
development in plastics recycling. These starting materials can then be reassembled 
back into new polymers or used as petrochemical feedstock. The thermal degradation 
of plastics to liquid hydrocarbons is similar to many refinery cracking processes. The 
plastics initially melt and are heated until carbon-carbon bond cleavage begins. 
Finally volatile products are produced.; The successful application of catalytic 
energy efficient C C A reaction would add an environmentally benign process.^^ 
2 
1.1.1.2 Thermodynamic and Kinetic Considerations in CCA 
Comparing with C-H bond activation, examples of C-C bond activation are 
less frequently observed.'' “ There are some reasons, mainly kinetic in nature, that 
favor C-H bond activation over C-C bond activation. Both kinetic and 
thermodynamic reasons are considered below. 
The kinetic barrier of C C A is higher than that of C-H bond. Usually, a C-C 
bond is surrounded by hydrogens or other heteroatoms; therefore, due to repulsive 
steric interaction of the ligands with the reagents, the C-C bond is sterically less 
accessible upon approached by a transition metal center." 
Although C C A is kinetically unfavorable over C-H bond activation, it is 
thermodynamically possible.'' ~ Generally, a C-C bond (BDE ~ 85 kcalmol"') ^  is 
stronger than the normal M - C bond (BDE = 60 - 70 kcalmol'' for & rows 
transition metals).比'^ The energy gained by formation of two M - C bonds are greater 
than the cleavage of a single C-C bond (i.e. M + C-C —C-M-C). The process is 
much more exothermic for second or third row transition metals (e.g. Rh, Ir) which 
possess higher nucleophilicity and stronger backbonding to stabilize the M - C bond."' 
Moreover, energy gain from relief of ring strain or aromatization also facilitates C-C 
bond cleavage.^ The following section provides a short review of the examples of 
C C A . 
1.1.1.3 C-C Bond Activation in Strained System 
Cassar and Halpern introduced an important early example of C C A in a very 
strained system.? [Rh(CO)2Cl]2 underwent insertion into the strained four-membered 
ring C-C bond of cubane by oxidative addition (Scheme 1.1). 
3 
厂 — 
^ 。 o c 4 
U -1 
90% 
Scheme 1.1. C C A of cubane with [Rh(C〇)2CI]2 
Other than four-membered ring, cleavage of three memebered rings were also 
reported. Cyclopropanes also reacted with [Pt(C2H4)Ch]2 to form the tetrameric 
platina(IV)cylcobutanes. Subsequent addition of nitrogen donors provided the 
Q 
monomer in good yield (Scheme 1.2). 
？ EtoO, reflux CL 八 R . CL't/^ R 
[{Pt(C2H4)Cl2}2] + 人 了 ’ - p A ‘ L , ^ R A 八 3h C|Z ^ 4 few m m . 
R = Ph 90% 6 0 % 
L = Pyridine 
Scheme 1.2. Insertion of Pt(ll) into C-C bonds by cyclopropanes 
Other examples include the oxidative addition of biphenylene into metal 
complexes, such as Ni(0), Pd(0), Pt(0), Co(0) and For example, Eisch et al. 
reported that electron richer nickel complexes (i.e. [Ni(Ph3P)4] < [Ni(C2H4)(Ph3P)3] < 
[Ni(Et3P)4]) underwent faster oxidative addition with biphenylene. The results 
showed that high electron density on the metal center promotes C C A (Scheme 
1 3) 9,10a The C C A are thermodynamic favorable since energy is gained from strain 
relief and formation of two strong M-Caryi bonds (BDE = -90 kcalmor').^ 
4 
f V ] n + N,(PEt3). _’0。C’18hj ( A ^ + 2PB3 
EtgP'、PEt3 
82% 
Scheme 1.3. Cleavage of biphenylene by Ni(0) complexes 
In addition, Sweigart et al. also reported an example that by coordination of 
the electrophilic fragment Mn(C0)3+ to one of the aromatic rings in biphenylene to ‘ 
lower its electron density, C-C bond cleavage could be promoted (Scheme 1.4)."^ ^ 
+(〇C)3Mn +(〇C)3Mn\ 
r ^ V l f ^ Pt(PPh3)2(C2H4) f V Q + 
~ C H 2 C I 2 , r.t.’ < 1 min 
PhgP'、PPh3 
98% 
Scheme 1.4. Cleavage of biphenylene by Pt(0) complexes 
Similarly, the rhodium and cobalt complexes which with labile ethylene 
ligands，cleaved the central Csp2-Csp2 bond of biphenylene to afford dinuclear 
complexes respectively (Scheme 1.5)， 
83.115^0. 2.5 d- ( j a 5 + 4 C 2 H 4 
M=Rh, 83 % 
M=Co, 75 % 
Scheme 1.5. C C A of biphenylene by (C5Me5)Rh(C2H4)2 and (C5Me5)Co(C2H4)2 
5 
Other than three or four-membered ring, C-C bond activation of a five-
membered ring was also observed with semibuckminsterfiillerene (C30H12). The C-C 
bond cleavage proceeded via simple 兀-coordination of Pt(PPh3)2 to one of the rim 
C = C bonds adjacent to the five-membered-ring site and followed by C-C oxidative 
addition (Scheme 1.6)." 
^ 1 ] 
/ U A J X ^ Toluene, Ng / [ Y l r H 
/ T ] + Pt((PPh3)2(C2H4)) + 
r V T i f l i5h k X ^ p ^ J 
reflux’ 1 h pphVPPh3 
10 % 
Scheme 1.6. C C A of buckybowl compound by Pt(0) complex 
Takahashi reported the cleavage of C-C bond of five-membered ring of 
organozirconium and organohafnium compounds (Scheme 1.7).'" The proposed 
mechanism (Scheme 1.8) shows that zircona- and hafna-cyclopentane complexes 
undergoes Cp-Cp’ bond cleavage to form the bis(alkene)complex. Rotation of the 
alkenes due to steric assistance and selective coupling of two alkenes on the metal 
produce the product. 
/ S ^ rt-80 °C y T - ^ y 
CP2M ,, CpgM 
y P ' 1h V A 
M=Zr, rt., 98 % 
M=Hf, 80 °C, 98% 
Scheme 1.7. Cleavage of Cp-Cp. bond of Zr and Hf complex 
6 
M e z w 
I ^ 〜 ^ M e 
CpsM • CpsM： • CPaM、 • CpgM 
M e 
M=Zr, Hf 
Scheme 1.8. Proposed mechanism for the cleavage of Cp-Cp‘ bond of Zr and 
Hf complex 
1.1.1.4 C-C Bond Activation facilitated by Aromatization 
The C C A could be driven by aromatization. Many examples belong to the 
formation of aromatic metal-cyclopentadienyl fragments. The 1,1-dialkyl-
disubstituted spiro cyclopentadienes underwent cleavage in boiling benzene by 
Fe2(CO)9, After the bond activation on the spiro-carbon, rr-cyclcopentadienyl-CT-
alkylcarbonyliron complex was formed (Scheme 1.9).'^  
1.5 h 1/ J 
Fe(C〇)3 (C〇)2Fe , 
50 % 90 7o 
Scheme 1.9. Cleavage of C-C bond in tricarbonyliron complexes of 
1,1-dialkyl-substituted spiro cyclopentadienes 
The driving force of aromaticity could be exploited for C C A in pre-aromatic 
systems. A V如(ic>-ethylcydopentadienyl)molybdenum complex rearranged with 
breaking of Cp-Et bond to a ri^-(cyclopentadienyl)(ethyl)molybdenum complex upon 
generation of a vacant coordination site on the metal. (Scheme I.IO)" 
7 
p ) N Et 1 + 
h V i I T 縦 - ， 一 弟 
} -^MoCp(PPhMe2) rt, 12 h 
30 % 
Scheme 1.10. Cleavage of C-C bond on cyclopentadienyl molybdenum 
complex 
Takahashi reported that carbon monoxide reacted with alkyl-substituted 
zirconacyclopentadienes to give 1,2,3,5-tetrasubstituted benzenes (Scheme 1.11), 
From the proposed mechanism (Scheme 1.12), C O insertion occurs first at 
zirconium-sp3 carbon bond to afford zirconacyclohexenone that undergoes 
intramolecular nucleophilic addition of the Zr-sp" carbon bond to carbonyl group. 
Cleavage of metalozirane and the C-C bond of the two substituted carbons in the 
cyclopropane gives the phenyl(hydroxyl)zirconium species. Cp2Zr=0 is then 
eliminated and the corresponding benzene derivatives are liberated. 
R • R 
/ W ^ i)-23°C, 3 h X ^ R 广 7 一 
CpsZr； 1 + CO r T ^ Y + CP2Zr=〇 
V i L ii) HCI 1 ^ 
R=Et, 74 % 
R=Pr, 68 % 
Scheme 1.11. Formation of 1,2,3-5-tetraubstituted benzenes by C C A 
8 
一 ^ 
[ x i � 
• Cp2Zr=〇 
Scheme 1.12. Mechanism of the formation of 1,2,3,5-tetrasubstituted 
benzenes via C C A . 
1.1.1.5 C-C Bond Activation of Carbonyl Compounds 
Suggs demonstrated that the C C A was promoted by adjacent carbonyl 
group. 16 [{Rh(C2H4)2Cl}2] inserted into the a-keto C-C bond of 8-quinolinyl alkyl 
ketones that is slightly weaker than other C-C single bonds. The cleavage process 
was facilitated by the pre-coordination of the quinoline nitrogen (Scheme 1.13)/^ 
80 °C, 5h c i - R h - C 80 °C, few min C卜Rh-C、、门 
A •门 ？ 、、0 I p O 
R 〇 _ R U _ pyR 
> 9 0 % 
Scheme 1.13. Reaction of S-quinolinyl alkyl ketones with [{啊〇2闩4)2〇丨}2] 
The bond between the carbonyl carbon and the a-carbon atom of a 
cyclobutanone could be catalytically cleaved by a rhodium(I) complex. Phenolic 
hydroxy groups had also been reported to direct intramolecular functionalization of 
unreactive bonds such as C-H bonds. Thus Murakami and Ito have reported new 
lactone forming reactions by the rhodium-catalyzed C-C bond cleavage of a 
9 
cyclobutanone having a pendant phenol group to further facilitate the reaction. 
Cyclobutanones, which have an c-substituted phenol group at the 2-position, were 
heated under mild conditions (100 ^ C) in C O atmosphere to give seven-membered-
ring lactones (Scheme 1.14).口 Higher yields were obtained with more electron richer 
phenols. 
5 mol % 12 mol % 
J J y ^ R [Rh(cod)2BF4] + PCyPh2 • O r V + H2 
CO, m-xylene, 100 1 d 
HU 
R=H, 86 % 
R=OMe, 92 % 
R=CI, 77 % 
Scheme 1.14. Rhodium-catalyzed C C A of cyclobutanone under C O 
The mechanism shown in Scheme 1.5 accounts for the formation of the 
seven-membered-ring lactone from cyclobutanone. Initially, the phenolic hydroxy 
group of cyclobutane coordinates to the rhodium atom, bringing it into proximity to 
the a-C-C bond of the carbonyl group. Insertion of the rhodium atom into this bond 
is thus facilitated and affords the five-memebered (acyl)rhodium intermediate. By (3-
hydride elimination, the seven-membered-ring lactone is formed. It is plausible to 
assume that the p-hydride elimination is intrinsically reversible and that C O acts as a 
ligand for rhodium expelling the produced lactone from the coordination sphere and 
promoting this process forward irreversibly. 
10 
n r \ R 
R 、 O ^ R h V V lactone ^ 
‘ f o r m a t i o n 
H O " S 
Rh.H P-hydride 
Scheme 1.15. The mechanism postualted the formation of laqtone by Rh-
catalyzed C C A 
Besides, Jun et al. reported that unstrained carbonyl compound also 
underwent C C A by exchange of an alkyl group of unstrained ketones to other allylic 
alkyls (Eq 
。 1. PPhgRhCI (5 mol%) 
V 2.2-amino-3-picoline (100 mol%) 9 , ,、 
P h ^ ^ P H + ^ B u P h ^ (1.4) 
Ph CH3 + toluene, 150 °C, 48 hr Bu CH3 
84% 
The process occurred by a series of proposed reactions. The ketimine was 
formed in situ by the condensation of benzylacetone and 1-hexene. The C-C bond of 
the ketimine is then cleaved by Rh(PPh3)3Cl to give an (iminoacyl)-rhodium(III) 
phenethyl which undergoes P-hydride elimination at the phenylethyl group to 
provide (iminoacyl)-rhodium(III) hydride and styrene. The (iminoacyl)- rhodium(III) 
hydride is inserted into 1-hexene to form an (iminoacyl)-rhodium(III) hexyl and 
subsequently undergoes reductive elimination to yield another ketimine with 
regeneration of the catalyst, 2-amino-3-picoline. Finally, the ketimine was 
hydrolyzed with H 2 O to obtain 1-octanone (Scheme 1.16).'^ ''^  
11 
f Y f Y 
L 人 M A n 
N y CI、丨 p-hydride 
O elimination^^ 
/ o x i d a t i v e / - L x 
/ L . n a d d i t i o n / r f ^ V ^ 
2 / I 〜 
f T I ^ N ^ N 
y L 3 R h C I ( L = P P h 3 ) 
. \ L,/ H CH3 
\ f f ^ Y r e d u c t i v e \ ^ 人 … ^ ^ = / 〇 4 闩 9 
\ ！‘ e l i m i n a t i o n N N Z 
\[\1 N CI、I — hydride 
I L ^ R h ^ ^ ^ C H a i n s e r t i o n 
C4H9 CH3 2 ~\c4H9 
Scheme 1.16. Proposed mechanism for CCA of unstrained ketones 
Recently, Jun et al. have also reported some examples of C C A of other 
substrates, such as primary amines (Scheme 1.17),^°'' cycloalkanone imine (Scheme 
1.18)205 and unstrained secondary alcohols (Scheme 1.19)-°' by using similar 
reaction conditions . 
1 . P P h g R h C I ( 5 m o l % ) 
2 - a m i n o - 3 - p i c o l i n e ( 5 0 m o l % ) 
M u t o l u e n e , 170 o q , 2 h P h 儿 a 〜 
2 p h ^ ^ N H g + ^^t-Bu + H3 N r-Bu 
2 . H + / H 2 O 9 6 % 
Scheme 1.17. Catalytic CCA of primary amines 
1.[(C8Hu)2RhCl]2 (3 mol%) 叉 ， 
I CyaP (6 mol%) ^ 、 
X , ==/ n-Bu toluene, 150。C, 6 h 12 % 
f (CH2)3 “ + 
2. H+/H2O O 
77 % 
Scheme 1.18. Catalytic C C A of cycloalkanone imine 
12 
PPhsRhCI (10 mol %) 
2-amino-3-picoline (30 mol。/。） 
OH K2CO3 (0.5 mol7o) 〇 〇 
toluene, 170 C, 2 h 
97 % 3 % 
Scheme 1.19. Catalytic C C A of sec-alcohol 
1.1.1.6 C-C Bond Activation of Nitriles 
The C - C N bond of organic nitriles reacted with aryl halides in the presence of • 
palladium and zinc catalysts to give the corresponding benzonitriles (Scheme 1.20)."' 
The activation of the C-CN bond is likely via a palladium (0) complex. 
^ Pd(PBu3)2Cl2 r f ^ 
R C N + + Zn i ^ + RZnBr 
Br C N 
R = Me, 100% 
R = Et, 6 1 % 
R = n-Pr, 5 0 % 
R = Bn, 97% 
Scheme 1.20. C C A of alkylnitriles 
In the addition to the Pd(PBu3)2Cl2 system, several other palladium systems, 
Pd(PPh3)2Cl2/PPh3 and Pd(dppe)2Cl2, also showed catalytic activity for C - C N bond 
activation. Only ortho-disubstitued bromoarenes afforded good yields of the C C A 
product. For bromoarenes with one or no substituent at the ortho position, only a 
trace of the corresponding nitriles was produced. The major products were the 
phosphonium salt and the hydrogenolysis compounds. Scheme 1.21 outlines a 
possible mechanism for the C - C N bond activation which involves oxidative addition 
of aryl bromide, coordination of nitrile and reductive elimination. 
• 
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Ar-CN + RZnX 
；I 
Ar 
R ^ N - Z n X 
广 ZnX2 2PPh3 
/ / C ‘ \ 
ppu 丨 乂 Zn’2PPh3 、 
Ar. 『Ph3 ZnXs y PPh。 
> = N - P d - Y ^ ^ - Pd(PPh3)2X2 Ar-Pd-Br 
PPh3 ipu 
Y=X, Br PPh3 
ZnX2 入 . . ' A 
Ar ZnXg, R C N 
P h s P - P d - N C R Z n X a B r " - - ^ 
PPh3 
Scheme 1.21. Proposed mechanism for catalytic C C A of alkyi nitriles 
Recently, Brookhart and Bergman have reported that a cationic Rh(ni) 
complex activated the C-C bonds of a wide range of nitriles, involving cleavage of a 
secondary or tertiary carbon center. With the exception of 'BuCN, facile cleavage of 
the C-CN bond occurred quantitatively at 25 (Scheme 1.22)." 
？p* “] +BArV Cp' +BAiV 
oUsiPha CH2CI2 I i、\\R 
M o p 八 + R-CN • Rh:、\\ + CH2CI2 
CICHCI 25-50°C. 1 h-3d MegP ^NSiPhg 
Ar.=3’5-C6H3(CF3)2 R=Ph, p-CFaPh, p-MeOPh, Me, 'Pr, 25 < 3 d, -100 % 
R=feu, 50 °C, 3cl, -50 % 
Scheme 1.22. CCA of R-CN by cationic Rh(III) complex 
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Other than alphilic nitriles, C C A of aromatic nitriles also have been reported. 
Similar to the aryl halides, benzonitriles also can be used to synthesize 
unsymmetrical biaryls via metal-catalyzed C C A with aryl Grignard reagents. A 
variety of benzonitriles participate in metal-catalyzed cross coupling reactions via 
activation of the C-CN bond” Thus, reaction of benzonitrile with an aryl Grignard 
derivative in the presence of a Ni catalyst can readily provide the corresponding 
unsymmetrical biaryl in high yield and with high selectivity (Scheme 1.23). 
1 P t Ni(PMe3)2Cl2 catalyst , 。 
Ar^CN + A r ^ M g C I / L i O B u ' — — - ^ ^ — — A r W 
THF, 60 °C, 2 h 
Ari=Ph, Ar^=p-Tol, 88 % 
Ar^=p-Tol, Ar^=Ph, 9 2 % 
Ar^=p-MeOPh, Ai^=Ph, 91 % 
Ari=p-FPh, Ar^=p-Tol, 82 % 
Scheme 1.23. Metal catalyzed C C A of benzonitrile 
Moreover, Muetterties has reported the strong nucleophile, 
tris(triethylphosphine)platinum(0), underwent stoichiometric oxidative-addition with 
the C - C N bond in benzonitrile to give high yield of fra似-C6H5Pt(CN)(PEt3)2 (Eq. 
PEt 
Pt(PEt3)3 + f > C N toluene ^ ^ ^ t - C N + PEts (1.5) 
\ = / reflux, 15 mins \==/ p^^^ 
In contrast, the tris-triphenylphosphine platinum complex does not react with 
benzonitrile under these conditions. This comparison demonstrates the reactivity of 
the trialkylphosphine complexes of platinum(O) is greater than that of the 
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triarylphosphine. The same group d'。reactive, low-valent metal Ni complex, 
Ni(PEt3)3, also activated the C-C bond of benzonitrile. 
Recently, the Cu" complex [Cu(dmppy)(en)] was reported to cleave CH3CN 
heterolytically into C N ' and CH3+ to produce [Cu'(CN)3]-" (Scheme 1.24)."^  The 
reactivity of [Cu(dmppy)(en)] towards CH3CN appears to be dictated by the highly 
basic nature of the dmppy"" ligand The reaction is slow mainly due to low solubility 
of [Cu(dmppy)(en)] in the conditions used and also appears to be quite complex in 
nature. 
25 °C 
2[Cu(dmppy)(en)] ^ 1/2(CN)2 + 4CH3+ + admppy^" + 
1-2 weeks 
+ 4CH3CN + en [Cu(en)3][Cu(CN)3] 
80% 
dmppy = N,N'-dimethylpyridine-2,6-dicarboxamide 
en = ethylenediamine 
Scheme 1.24. C C A of acetonitrile by monomeric Cu丨丨 complex 
1.1.1.7 Selective C-C Bond Activation on a Multimetallic site 
Recently, the dinuclear ruthenium tetrahydride [ {(ri^-C5Me5)Ru }2(^-H)4] has 
been shown to provide an active species for multimetallic activation and to undergo 
selective C-C bond cleavage of norbomadiene to form dinuclear 2-
ethylruthenacyclohexadienyl complex (Scheme 1.25)."^  
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被有喜參A冷 
Scheme 1.25. C C A of norbornadiene by a dinuclear ruthenium 
tetrahydride complex 
1.1.1.8 Intramolecular sp^-sp^ C-C Bond Activation in PCP System 
A newly developed intramolecular activation of C-C bond of the PCP system 
(i.e. phosphine-carbon-phosphine) was reported by Milstein."'^ '"'' The activation of a 
Caryi-Caikyi bond in the PCP system was successfully carried by several transition 
metals, such as, Ru, Rh, Ir and Pt. The kinetic barrier was overcome by bringing the 
diphosphine ligand to the metal center through coordination. Further addition of 
hydrogen acted as an energy-released step, since CH4 was formed and eliminated. 
The process of C-C bond cleavage therefore became thermodynamically favorable 
(Scheme 
\ y - - P P h 2 \ y - P P h 2 \ ^ - P P h 2 
I ^ P P h 2 I V p p h 2 / \~PPh2 
> 90 % 
Scheme 1.26. C C A in phosphine-carbon-phosphine (PCP) system 
In addition, the conversion of the C-H activation product into the C-C 
activation product was product-controlled, [i.e. BDE(Rh-Caryi = 70 kcal mol'' + Rh-
CH3 = 57 kcal mol"') > BDE(Rh-CH2(aryl) = 50 kcal mol'' + Rh-H = 62 kcal moF 
1 27 
)]Forming of the strong Rh-Caryi bond most probably is one of the driving forces 
for the C C A . 
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Furthermore, the electron density on the inserted metal is one of the 
governing factors in preferred C-C over C-H activation. Reaction of less bulky but 
more basic dimethylphosphines of the PCP ligand (analogue of Scheme 1.26) yielded 
the more stable C-C activation product, while with the less basic diphenylphosphines 
of the P C P ligand, the C-H activated product was more stable."'''"^ '' Therefore, higher 
electron density on the metal center thermodynamically likely favors Ar-CH] 
oxidative addition of Ar-CHs over that of ArCHi-H. 
The cleavage of the strong Caryi-C bond in the PCP system was also carried 
out catalytically. The methylene group was excised from the pincer ligand under 
hydrogen atmosphere to yield methane. This process resulted in a selective, catalytic 
cleavage of the C-C bond in the diphosphine (Scheme 1.27)." 
^ ^ / " P P r 丨 2 H2(1.7atm) 
< r > M e [零8Hi4)2C:]二 . +CH4 
dioxane, 180 °C V , / 
106 turnovers in 3 d 
Scheme 1.27. Catalytic hydrogenolysis of 〇_-〇 bond cleavage in PCP 
system 
1.1.1.9 CCA in A^-Heterocyclic Carbene 
Wittlesey et al. has also reported an unstrained C(aryl)-C bond activation in the 
"-heterocyclic carbene bis( 1,3-(2,4,6-trimethylphenyl)imidazol-2-yildene) (IME) of 
Ru(ME)2(PPh3)(CO)H2 (Eq 1.6).^ ^ Upon heating, cleavage of Ar-CHs bond, the C-C 
bond insertion product was obtained. 
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I — , \ 
Ph3P々  \\H Ph3P々  丁 ,、、、、、；^^ 
^ u • 广 、 （1.6) 







I.l.l.io CCA in Pt(0) complexes bearing Chelating P,N- and P，P-
Ligands 
Aryl-alkyne cleavage is quite difficult. Recently, various Pt(0)-
diphenylacetylene complexes bearing chelating P，N- or P，P- ligands were reported to 
cleave of the C(sp-)- C(sp) bond in diphenylacetylene The rj^ - alkyne complexes 
were quantitatively converted into the oxidative addition products under photolytic 
conditions (Scheme 1.28). 
R. P Q 
r^t-lll C6D6’ hv^ 〔E.Pt 
O u 
E=N, R='Pr, R'=Me ~100。/o 
E=P, R=R'='Pr 
E=P, R=R'=Cy 
Scheme 1.28. C C A in Pt(0)-diphenylacetylene complexes 
The alkyne complexes in CgDg, upon irradiated with U V light for less 
than 45 h, was quantitatively converted into the C(sp-)- C(sp) cleavage product. 
Interestingly, the insertion of the metal center into the C-C bond of 
diphenylacetylene is selective, forming only one isomer with alkynyl group trans to 
the phosphorus atom. 
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I . l . l . l l CCA of Alkyne via Hydroiminoacylation by Rh(I) Catalyst 
Jun et al. has reported the catalytic cleavage of C-C triple bond through 
hydroiminoacylation of alkyne followed by amine-assisted C-C double bond 
cleavage of the resulting a,P-unsaturated ketimine. The C-C triple bond of alkyne 
was converted into an aldehyde and the alkylmethylene unit of ketone formed by the 
combination of allylamine (Scheme 1.29)， 
Rh(PPh3)3CI (3 moi%) 「 -
^ M 人 N H CyNH2 (200 mol%) C y 、 ，Cy 
〔 z P h C O O H (5 mol%) ^ + 2 M 
toluene, 130 12 h r 2 入 h R 
+ L J 
R 2 - C = C - R 2 
Ri=Ph, Me, H 
R2=Me/Pr’Et,n-C5Hii’Ph 80-98 % 
Scheme 1.29. Cleavage of C-C triple bond of alkyne via hydroiminoacylation 
by Rh(l) catalyst 
rY^ r ^ 
R 
CyNHa 
、 N〜 H ，’ 
t^N 广 A 
+ 一 cy. 
^ / cy、N 




Scheme 1.30. Plausible mechanism for triple bond cleavage of alkyne 
2 0 
The proposed mechanism of this transformation as show in Scheme 1.30. The 
first step involves the Rh-catalyzed isomerization of allyamine to aldimine, followed 
by a C-H bond cleavage of aldimine by Rh(I) to yield iminoacylrhodium(III) 
hydride. The hydrometalation of Rh(III) hydride inserts into alkyne and the reductive 
elimination of the resulting iminoacylrhodium(III) vinyl complex afford {E)-afi-
unsaturated ketimine. A conjugate addition of cyclohexylamine into the a,P-
unsaturated ketimine proceeds to form an p-aminoketimine. The retro-Mannich type 
fragmentation of P-aminoketimine affords enamine and aldimine. Enamine is 
isomerized to ketimine, which is transiminated by cyclohexylamine to ketimine with 
the liberation of 2-amino-3-picoline. 
1.1.1.12 CCA in Homoallylic Alcohol by p-Allyl Elimination 
The catalytic C C A via P-alkyl elimination from an (alkoxy)-metal 
intermediate could be attained by using tertiary homoallyl alcohols as substrates. In 
the presence of RuCl2(PPh3)3’ tertiary homoallyl alcohols bearing either an aryl or 
alkyl substituents are smoothly deallylated to give the corresponding ketones 
(Scheme 1.31).^' The strong driving force of this catalytic reaction is the formation 
of a stable allylmthenium species by p-allyl elimination. The presence of both carbon 
monoxide and allyl acetate are crucial. Carbon monoxide might act as an effective 7i-
acid.3ib The role of allyl acetate might be responsible for the generation and 
stabilization of a catalytic active ruthenium species. 
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r1 r2R3 RuCl2(PPh3)3 R^ R^ R3 
H 〇 X ^ ^ COIOatm, I + 丫 
180°C, 15h 
Ri=Ph’ R^=Me, r3=H 91 % 
Ri=R2=Ph, R3=H 8 7 % 
R1=R2=Bu’ R3=H 71 % 
Ri=Ph’ R2=Me, R^=Me 85 % 
Scheme 1.31. Catalytic C C A in homoallyl alcohols bearing either an aryl 
or alkyi substituents 
A plausible mechanism for this catalytic C C A is shown in Scheme 1.32.^ ' 
The first step involves the oxidative addition of the hydroxyl group of the homoallyl 
alcohol to give an active ruthenium intermediate. The (hydrido)-(allyl) ruthenium 
intermediate then undergo p-allyl reductive elimination to give the desired ketones 
and allyl ruthenium hydride. Carbon monoxide might act as an effective n-acid 
ligand to promote the reductive elimination of propene and the ruthenium complex 
iss regenerated. 
p3 
C O f R S M 
C O . 入 、 
/ \ oxidative addition 
reductive elimination / \ 
/ \ r3 义 or 
J p-allyl elimination 
〇 
Scheme 1.32. A plausible catalytic cycle for the C C A in homoallyl alcohols 
2 2 
1.1.1.13 C-C Bond Activation by Metathesis of Alkanes 
A silica-supported transition metal hydride (三Si-O-Si三)(三Si-0-)2Ta-H has 
been shown to catalyze the metathesis reaction of linear or branched alkanes into 
lower alkanes at a moderate temperature range (25-100 °C) (Scheme 1.33).^ " The 
mechanism leading to C C A and the formation of products likely involved a four-
centered transition state between a tantalum-alkyl intermediate and a C-C c-bond of 
a second molecule of alkane (Scheme 1.34).^ ^ 
Catalyst 
with i = 1,2’...，n-1, but where i = 1 is generally favoured 
Scheme 1.33. General metathesis reaction of higher alkanes to lower 
alkanes 
For the ethane substrate, the proposed mechanism suggests that the C-H bond 
of alkane is cleaved through a-bond metathesis, by producing hydrogen and 
tantalum-alkyl species. In the case of ethane, a C-C bond is formed and cleaved, the 
liberation of propane and the formation of a tantalum-methyl surface complex are 
reacted. Methane is liberated in the last step of the catalytic cycle and the active 
species, the tantalum-ethyl surface complex is regenerated. A new four-centered 
transition state is proposed (Scheme 1.35) and hydrogen is transferred from an ethane 
molecule to the methyl ligand (Scheme 1.34).^ ^ This proposed mechanism could also 






















































































































































































































































































































































































































































































































































































八 ^ ‘ [Ta]s - y 
「1 , 八 I [ 丁 八 八 ， 丨 T a ] s - 八 ^ + 
[Ta]s-H - - + 本 ^ 
-H2 [Ta]-s-< V ^ + 
'[Ta]s-< — < 
s = ( 三 Si-〇—Si 三）（三 Si—〇一)2 
Scheme 1.36. Formation of n-butane and /so-butane during metathesis 
Other examples of C C A have not been covered included the works by 
Bergman’34 Stryker? Suzuki,^^ and etc. 
1.1.2 Structural Features of Rhodium Porphyrins 
The rigid porphyrin nucleus consists of four pyrrole-rings joined by four 
methine bridges to give a macrocycle. The macrocycle is highly conjugated and a 
number of resonance forms can be written. There are nominally 22-* electrons, but 
only 18 of them are included in any one delocalization pathway, this conforms with 
Hiickel's rule for aromaticity. This aromaticity can be shown by N M R 
spectroscopy. The shielded N H protons in porphyrins appear at very high field 
whereas the outer, meso-protons, being deshielded by the aromatic ring current 
appear at very low field.^ ^ 
This macrocycle binds metal ions which act as a Lewis acid by coordinating 
to the two lone pairs on the pyrrole nitrogen donor and replace two hydrogen atoms 
on the pyrrole nitrogen atom, so total four lone pairs are donated from the 
porphyrinato ligand to the valence shell of the metal ion, which occupies the center 
of the porphyrin hole. 
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The rhodium center in porphyrin complexes readily accommodates the +1, 
+2, and +3 oxidation states. The +1 oxidization state is found in anionic species, 
Rh(por)" (Rh', d^), which function as strong nucleophiles."^ '^^ ^ The +3 oxidation state 
is found in cationic species, Rh(por)+ (Rh'", d^), which are strong Lewis acids and 
effective electrophiles.^ '^'^ ^ The +2 oxidation state of rhodium species (Rh'\por), cf), 
occupies a prominent position in metallo radical rhodium porphyrin chemistry.^^ 
Rhodium(II) porphyrin complexes usually form diamagnetic Rh-Rh bonded 
dimers through overlap of a half occupied dz" on each metal center. Inter-porphyrin 
repulsions accounts the relatively weak Rh-Rh bonds which allows the Rh(II) 
monomer to form readily by dissociation. Introducing sterically demanding 
substituents on the periphery of porphyrin can weaken the Rh-Rh bond dramatically. 
The Rh-Rh bonds energy of tetraxylyporphyrin dimmer, [Rh(txp)]2 and 
octaethylporphyrin dimmer, [Rh(oep)]2 are shown in Table 1.1. Due to the bulky 
substituents of tetramesitylporphyrin Rh(tmp), a stable monomer is observed.]^ 
Table 1.1. Estimation bond energies of Rh-Rh bond in Rh2(por)2 
z z 
R R 
Z ^ N ^ Z 
T N-Rh"-N T 
z z 
Compound Formular R X Y Z Rh-Rh bond (kcal mol"'')^ ® 
Rh2(o 印)2 H Et 16 
X Y 
Rh2(txp)2 H Me H 12 
X Y 
X Y 
Rh(tmp) M e H H 0 
X Y 
2 6 
Bulky substituents on the porphyrin periphery weaken or inhibit formation of 
the metal-metal bond, but do not seriously affect the M - C bonding. The weakening 
of the M - M bond would make a favorable thermodynamic contribution to the C C A 
• 39 
reactions. 
M - C bond energies, especially for the first row metals encompass a range of 
20-30 kcal mol''. Recognition that the Rh-C bond energy can exceed 50 kcalmol'' • 
which can contribute to the thermodynamic driving force for some challenging 
reactions, has stimulated the studies of activation of hydrocarbon C-H bond using M-
M bonded porphyrin complexes or porphyrin m e t a l l o r a d i c a l s . Therefore, rhodium 
tetramesitylporphyrin was prepared to study the C-C and C-Si bond activation. 
1.1.3 Objective of the Work 
The above examples of the carbon-carbon bonds activation by transition 
metal complexes mainly involved strained relief systems," aromatization,'^"'^ the 
presence of the carbonyl group/^"'^ multimetallic site,-^  pre-anchored phosphine 
ligands,2c’27 oxidative addition of Pt(0) complex,reduction of Cu(0) complex,"^ 
p-allyl elimination 17 and a-bond metathesis.^" Examples of /旋rmolecular activation 
of aliphatic carbon-carbon bonds by transition metal complexes are rare.斗‘The 
objective of the work is to investigate the carbon-carbon bond activation of nitriles 
by rhodium porphyrin radical. 
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CHAPTER 2 Carbon-Carbon Bond Activation (CCA) of Nitriles by 
Rhodium Porphyrin Radical 
1.2.1 Introduction 
1.2.1.1 C C A of Nitroxides by Rhodium(II) Porphyrin Radical Rh(por) 
The study of intermolecular sp^-sp^ hydribridized C-C bond activation by 
rhodium(II) porphyrin radical was discovered by Dr K. W . M a k in Professor K. S. 
Chan's laboratory 42’43 Rh(por)alkyl reacted with T E M P O via p-hydrogen 
abstraction/elimination to generate Rh"(por) radical, which then underwent aliphatic 
C C A with T E M P O to give Rh"'(por)Me (Scheme 2.1 and 2.2) 43 
6 • 
Rh(por)6H2CH2R TEMPO，CgDe ^ Rh(bocp)CH3 + 木 / 
80 °C, 1.5 h-6 d 
por=bocp, R=Ph, 81 % 
por=bocp, R = C N , 86 % 
por=ttp, R=Ph, 70 % 
por=ttp, R=CH3, 74 % 
Scheme 2.1. Rh(por)alkyl underwent C C A by generation of Rh"(por) 
via p-hydrogen abstraction by nitroxide 
“ V Rh"(por) V 
办 广 . O - O 一 + R + 
J + — / y V 
Rh(por) 丨 \ , \ 
Rh"{por) + . O - r ^ S Rh(por)CH3 + - ^ O - N ^ 
Scheme 2.2. Proposed Mechanism for the formation of Rh(por)CH3 
from Rh(por)CH2CH2R 
2 8 
Rh(:mp) + 口 I n 义 ： 7 ? - 二 V Rh(tmp)R 
5 1 
o. 
R=Me, Et, Bn 40-86 % 
Scheme 2.3. C C A of nitroxides by Rh(tmp) 5 
• Later, in the same laboratory, Dr M . K. Tse and Mr. T. T. L. Tarn successfully 
used Rh"(tmp) 5 radical to carry out systematic studies of C C A of nitroxides 
(Scheme 2.3)4丨’"^. Nitriles were found by me to undergo C C A with Rh(tmp) 5 and it 
is the subject of this thesis. 
1.2.2 CCA of Nitriles by Rh(tmp) radical 
1.2.2.1 Synthesis of Rh(tnip)Me 
H2tmp 1 was synthesized in 31 % yield by the co-tetramerization of pyrrole and 
mesitylaldehyde according to literature method (Eq 2.1)45 [Rh(CO)2Cl]2 2 was 
synthesized by the reduction of RhCl3.3H20 by C O in 70 % (Eq 2.2)46 Rh(tmp)I 3 
was obtained in 80 % yield by the reaction of H2tmp 1, [Rh(CO)2Cl]2 2 and NaOAc 
in anhydrous 1,2-dichloroethane followed oxidation with I2 (Scheme 2.4)47 
Rh(tmp)CH3 4 was then synthesized by reductive methylation of Rh(tmp)I 3 in 95 % 
(Scheme 2.4)47 
H3C /CH3 
1.BF3.〇Et2,N2’ H3C CH3 
H C ^ r V c H O + f ^ CHCl3’rt’1h • H ) 
H 3 C ~ \ 广 C H 〇 + 、 乂 2. DDQ, reflux, 1 h H V ^ 
H3C CH3 
Hstmp 1 31 % 
2 9 
RhCl3-3H2〇十 C O [Rh(C〇)2CI]2 + 6H2O + 2COCI2 (2.2) 
2 70 % 
1. [Rh(C〇)2CI]2’ CICH2CH2CI 1. NaBhU’ EtOH, 
_ p 一 丨 u x ’ 。 v 一 ， _ m p ) | 广c；；。:。二 _ m p ) C H 3 
2.丨2，rt, 12 h 
1 3 80 % 4 95 % 
Scheme 2.4. Synthesis of Rh(tmp)Me 4 
1.2.2.2 Synthesis of Rh(tmp) Radical 
Rh(tmp) 5 was synthesized according to a modified literature method by 
photolysis of Rh(tmp)CH3 4.47,48 Rh(tmp)CH3 4 in anhydrous benzene was 
irradiated in a Telfon stoppered Pyrex Schlenk flask by a 400W Hg-lamp for 10-12 h 
until complete consumption of Rh(tmp)CH3 4 was confirmed by T L C analysis (Eq 
2.3). The optimal reaction temperature was maintained between 6-10 ^ C in order to 
minimize the chance of thermal decomposition of Rh(tmp) 5 during photolysis. 
Addition of excess iodine to 5 yielded Rh(tmp)I 3 in 80 % yield after column 
chromatography. Therefore, the yield of photolysis was estimated to be at least 80 
Rh(tmp)CH3 C6D6，hv’6-10。C、^卜肿卩）(2.3) 
4 10-12 h, N2 5 
- 8 0 % 
1.2.2.3 Ligand effect on C C A 
The four-coordinate Rh(tmp) 5 is a low-spin d? complex with (dxy)"(cixz,yz)'^  
{d^ -y ground configuration.^^ Rh(II) radicals typically react as metalloradicals with a 
variety of ligands (L = a donor and n acceptor), e.g. triphenylphosphine and 
pyridine, to form adducts. Since the H O M O of square-planar of Rh"(tmp) complexes 
3 0 
is 42’ Rh(tmp) radical reacts with a donor or k acceptor to form five-coordinated 
complexes. As a result, the d；- to cUyz energy separation is enlarged. Rh丨丨(tmp)L will 
become more electron-rich and reactive (Scheme 2.5).^° 
E 
串 
— — — T t 




^ 庄、、,…4 i A 
xz yz �� � \ 
I…:、:、、、…本\ 
xy 、、 、、 
\ ；、善 
Rh(tmp) (L)Rh(tmp) L 
Scheme 2.5. The simplified molecular orbital energy level diagram for 
(L)Rh(tmp) 
1.2.2.3.1 Synthesis of Phosphines 
To search the most suitable ligand for C C A , a number of electron rich 
phosphines were synthesized. Alkyldiphenylphosphine was synthesized according to 
the literature m e t h o d . 5 ^ 5 2 Alkylation of chlorodiphenylphosphine with Grignard or 
organolithium reagents in refluxing diethyl ether under N 2 produced the desired 
alkyldiphenylphosphines (Eq 2.4-2.6). 
31 
日2〇’ N2 
Ph2PCI + RU RPPh2 + LiCI (乙斗） 
-78。C’1d’rt ^ 
6 FWBu’ 14 % 
7 R = " B u , 80 % 
1. Mg’Et2〇’ N2, 2 h, reflux (25) 
PhsPCI + EtI 、已。) 
2.Ph2PCI,-78°C, 2 h, reflux 8 
7 8 % 
1 • Mg’Et2〇，N2, 3 h, reflux , ( 2.6 ) 
PhgPCI + 'PrBr PrPPhg 
2.Ph2PCI’-78。C’ 1 d, rt g 
2 3 % 
Since the lower alkyl and branched-chain alkylphosphines oxidized readily in 
air,53 the yields of the above phosphine compounds were moderate. Moreover, the 
electron richer branch-chained diphenyliphosphines were obtained in lower yields 
due to its faster oxidation during purification. This could be shown by the 'H N M R 
spectroscopy. The peak of the 'BuP(0)Ph2 in the sample of 'BuPPh〗6 increased 
significantly when the sample stood in the air for 1 day. However, only a little 
increase for the "BuP(0)Ph2 formed in the sample of "BuPPh2 7. Although the yields 
of those phosphine were not very high, these phosphines and other commercially 
available ones were examined as ligands for C C A with alkyl nitriles. 
1.2.2.3.2 Reactions between Rh(tmp) and Phosphines 
Initially, the alkyldiphenylphosphines, such as 'BU3P, PhaPCH], Cy^?, and PPh] 
were also screened for the best ligands in promoting C C A . To ensure their inertness, 
the control reactions with Rh(tmp) 5 were carried out. A reaction temperature of 130 
which was a little higher than that used for C C A studies (80-120。C) (Eq 2.7 and 
Table 2.1) was employed. In Entry 6，there was no reaction until the temperature was 
increased to 120 Therefore, the higher reaction at temperature of 130 was 
used. 
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Table 2.1. Carbon - Phosphorus bond activation by Rh(tmp) 5 
, Phosphine, No 
dRh(tmp) • Rh(tmp)R (2.7) 
5 CgHe, 120-130 °C 
Entry® Phosphine . Time Rh(tmp)R ""Rf Yield' 
1 PhgPMe 2d ^Rh(tmp)Me 0.51 "21 % 
2 PhgPEt 3d ^Rh(tmp)Et 0.58 ^23 % 
8 
3 PhaPBu 4d ®Rh(tmp)Bu 0.64 "^ 26 % 
7 
4 P h g P - ^ lOh Unknown(s)A 0.47 0.20 mg 
9 
5 P h s P — ^ 16h Unknown(s)已 0.61 2.00 mg 
6 
6 P (〈) 3 2d Unknown(s)B 0.61 5.00 mg 
7 PCyg 2d ^Rh(tmp)Cy 0.62 "22 % 
8 PPhs 7d no reaction  
a: Only Observed in ^ H N M R spectra of crude reaction mixture and signals with little futher 
down field than that of authentic compounds, b: The yields were calculated from the 
integration of the ^ H N M R spectra, c: Mixture solvent system hexaneiCHgCIa (5:1). d: ~9 
mg of Rh(tmp) 5 was used, e: All entries with Rh(tmp)CH2CI as a side product due to the 
presence of CH2CI2 in the recrystallization of Rh(tmp)Me 4. f: % Yields were based on 80 
% of Rh(tmp) 5 generated through photolysis. 
From Table 2.1, all the phosphines expect PPhs reacted with Rh(tmp) 5 
radical. C-P bond activation (CPA) products were obtained in the PhsPR (R=Me，Et, 
3 3 
Bu) (Entries 1-3). Only the C(sp^)-P bonds of alkyldiphenylphosphines but not the 
C(sp")-P bonds were selectively activated. Presumably, Rh(tmp) reacted with the 
weaker C (sp^)-P bond. From the 'H N M R spectra of the crude mixtures, all upfield 
peaks of the corresponding C P A products, Rh(tmp)R, were less upfield when 
compared with that of the authentic samples. The shifts of peaks were likely due to 
the coordination of the excess phosphines added to the Rh(tmp)R product. Moreover, 
the coordinated phosphine products likely decomposed through dissociation during 
the purification by chromatography. Their yields could only be estimated from the 
integration of the ^ H N M R spectra of the crude reaction mixture. 
All other electronically much richer, sterically more hindered phosphines 
(Entries 4-7) reacted to give unidentified products. Since the objective of the work 
did not focus on the carbon-phosphorous bond activation, the structures of them were 
not further investigated. 
To our delight, an inert phosphine was found. PPhs did not react with Rh(tmp) 5 
radical even at 130 °C for 7 days. The stronger C(sp-)-P bond ensures its inertness 
without any C P A observed. The coordination of PPhs to Rh(tmp) 5 was ascertained 
by experiments carried out by Mr. T. T. L. Tarn. The addition of 1 equivalent of PPh〗 
enhanced the rate and the yield of C C A with nitroxides (Eq 2.8 and Table 2.2).^ ^ The 
coordination also could be shown in the change of UV-vis spectra from the 
spectroscopic when PPha was added to the Rh(tmp) 5.44 
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Table 2.2. PPhg effects on the C C A between Rh(tmp) 5 and nitroxide 
Nitroxide 
Rh(tmp) + PPh3 Rh(tmp)R (2.8) 
5 CqHQ, N2, 110°C 
Entry Nitroxides PPha Rh(tmp)R Time /h Yield 
Et 〔+ 
1 1 eq Rh(tmp)Et 3 70 
N-〇. 、 
None Rh(tmp)Et 40 24 
TEINO 
2 1 eq Rh(tmp)Me 8 53 
P h ^ N 七 CH3 
H3C 6 Ph None Rh(tmp)Me 15 11 
D M P N O 
a: % Yield was based on 80 % of Rh(tmp) 5 generated through photolysis 
1.2.2.3.3 Synthesis of Alkyl Rh(tmp) 
Authentic samples of alkyl rhodium (III) porphyrins were synthesized by 
reduction alkylation in a method similar to that of Rh(tmp)Me 4 (Scheme 2.6). 
1. NaBH4, EtOH, 
N2, 45。C’ 1 h 
Rh(tmp)l ^ Rh(tmp)R 
2. RI/RBr, 0°C-rt, 12h 
3 4a R=Et, 69 % 
4b R="Bu, 42 % 
4c R=Cy, -10 % 
Scheme 2.6. Independent synthesis of Rh(tmp)alkyl 
The yield of Rh(tmp)R, R=Et, ”Bu, were much higher than that of Rh(tmp)Cy 
4c, which is a secondary Rh-alkyl. Furthermore, Rh(tmp)Cy 4c proved too unstable 
to be isolated. It was only estimated from the integration of the crude reaction 
mixture by (H N M R . Moreover, competitive elimination rather than substitution by 
the Rh(tmp)" likely decreased the yield. 
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As nucleophilic substitution at tertiary carbon is difficult, often accompanied by 
elimination product. An alternate but unsuccessful synthesis of Rh(tmp)'Bu 4d was 
attempted (Eq 2.9) with a complex mixtures formed. Likely Rh(tmp)'Bu 4d, being a 
tertiary Rh-alkyl may be very unstable. 
Rh(tmp)l +,BuLi — - Rh(tmp)'Bu + Lil (2.9) 
3 -78。C, rt’2d 4d 
“ 0 % 
1.2.2.4 C C A of Nitriles by Rh(tmp) Radical with PPh〗 added 
1.2.2.4.1 Synthesis ofNitrile 
Nitroxides and ketones have been shown to be successful substrates in the 
C C A reaction with Rh(tmp) 5.41’ 似 Qne of the common key features is the presence 
of a coordinating sites which are important in templating the C C A . Nitriles, which 
are also good ligands are subjected to examination of C C A reaction. 
Most nitrile substrates examined are commercially available. An additional 
substrate 2,2-dimenthylphenylacetonitrile was prepared according to the literature 
from phenylacetonitrile by deprotonation with MeLi and methylated with 
MeI/NaNH2 to form 2,2-dimethylphenylacetonitrile in 60 % yield (Eq 2.10). 54 From 
the 'H N M R spectrum of the crude reaction mixture, small amounts of starting 
materials (5 % ) and monoalkylated compound (16 % ) existed in the purified product 
of PhMezCCN 10. Thus the purity of PhMe2CCN 10 was about 80 % . 
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1. MeLi, EtgO/THF, Ng, -10Q°C, 1h (rt) ^ H ^ ^ ^ ^ C N 口 ⑴） 
^ ^ 2. Mel/NaNH2, N2, -78 °C, 1 h (-40 °C), 4 h (rt) ^ ^ 
10 60% 
1.2.2.4.2 Reactions between Rh(tmp) and Nitriles 
Similar to the C C A of nitroxides，、added phosphines enhanced the rate and the 
yield of C C A with nitriles. When 1 eq. of PPhs was added in the reaction with 
'BuCN’ the Ca-Cp bond of 'BuCN was cleaved and 24 % yield of Rh(tmp)CH3 4 was 
obtained after heating at 110-130 in 2 days. Without PPh], the reaction took 5 
days to give only trace amount of Rh(tmp)CH3 4 as observed by T L C analysis (Eq 
2.11 and Table 2.3). 
Table 2.3. PPhg effects on the C C A between Rh(tmp) 5 and teuCN. 
M e 
M e - ^ C N 
Rh(tmp) — Rh(tmp)Me (2.11) 
5 CgHe, N2, 110-130 °C 4 
Entryb PPhg Time /d Yield 
1 1 eq 2 24 
trace 
2 None 5 amount 
a: % Yield was based on 80 % of Rh(tmp) 5 generated through 
photolysis b: All entries with Rh(tmp)CH2CI as a side product due 
to the presence of CH2CI2. 
These results supported that the addition of aryl phosphine ligand, PPh], can 
enhance the reactivity of the Rh(tmp) 5. The effect of phosphines was further 
examined with other nitriles. (Eq. 2.12 and Table 2.4). 
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Table 2.4. C C A and C H A of nitriles with PPhg added 
Nitrile, leq. PPhg 
Rh(tmp) • Rh(tmp)R (2.12) 
5 CeHg, N2, 110-130 °C 
Entry' Nitrile Time /d Rh(tmp)R Yield CCA/CHA Types 
1 MeCN 7 Rh(tmp)Me t^race amount A 
2 ‘ EtCN 1.5 bRh(tmp)Et 。22 A 
3 I 2 Rh(tmp)Bn c A 
4 ^ CN 2 Rh(tmp)Me 24 B 
a 乂 
5 1.5 Rh(tmp)Me 14 B 
^ 10 
6 ( T ^ S ^ C N 2 Rh(tmp)Me 12 B 
7 4 Rh(tmp)Me t^race amount B 
( T Y ^ C N 
8 1.6 unknowns …” …" 
K J 
9 CN 2.5 unknowns  
10 7 no reaction — 
a 
11 ^ C N 1.5 no reaction ----- “… 
C J 
\ CN 
12 > < 2.3 no reaction  
Z \ c N 
• H 、 X N 。 
®13 1.5 Rh(tmp)CH(CN)2 94 
H X N -n  
a: -80 % purity, b: Only Observed in ^H N M R spectra of crude reaction mixture, c: Estimated from 
the integration of ^ H NMR. d: Only a low intensive spot was observed in TLC. e: C-H bond 
activation (CHA). f: All entries with Rh(tmp)CH2Cl as a side product due to the presence of CH2CI2 
in the purification of Rh(tmp)Me 4. g: % Yields was based on 80 % of Rh(tmp) 5 generated through 
photolysis. 
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As shown in Table 2.4, two types of C-C bond activation: C a - C N bond 
activation (Type A) and Ca-Cp bond activation (Type B) were observed (Scheme 
2.7). 
R 、 
. 卜 C N R' Y C N 
R " Z R" 
A B 
Scheme 2.7. Two types of C C A in nitriles 
Entries 1 - 3 belong to Type A C C A . C a - C N bonds were cleaved. M e C N , 
EtCN and B n C N which are straight-chain nitriles. Although generally the strength of 
Ca-CN bond is stronger than that of Ca-Cp bond (Table 2.5), the C a-CN bonds were 
selectively cleaved. It is likely due to the kinetic preference of proximal nature via 
nitrile pre-coordination to Rh(tmp) 5. Moreover, the yields of C C A product increased 
with the decreasing bond strength (Table 2.5 and Entries 1-3). N o reaction occurred 
for P h C N (Entry 10) which bears a much stronger aryl-CN bond. 
Entries 4 — 7 belong to Type B. All these four nitriles, 'BuCN, Ph(CH3)2CCN， 
Ph (CH3)CHCN and Ph2(CH3)CCN, were sterically hindered tertiary or secondary 
nitriles. Furthermore, the C a - C N bonds are stronger or comparable with 
Ca-Cp bonds. Therefore the C a - C N bonds did not participate in the reactions. 
Moreover, the formation of primary Rh(tmp)R is thermodynamically more favorable 
than the formation of steric branched tertiary or secondary Rh(tmp)R'. 
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Table 2.5. Bond dissociation energies and pKa of nitriles 
Entry Nitriles Bond Energies^^ I kcalmol'^ pKa ( D M S O p  
Ca-CN C ^  
1 — C N 122 31.3 
2 / ' ' ^ C N 118.2 81.3 32.5 
3 f ^ C N 100 a^129 ‘ 21.9 
4 ^ C N ^-110 74.7 
5 � 1 59.9 
丨 y 
r ^ c N 
8 f j 
9 �~ C N 112 78.8 
10 f 1 131 - - - -
a 
11 X > - C N 
u 
12 X " 、76 
z \ C N 
H � / C N b93 11.1 
13 > < 
H , \ C N  
a: Estimated from the bond energy of corresponding alkanes and nitriles by mysel f . 
b: Bond energy of ( V H . 
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The yield of C C A product of sterically less hindered 'BuCN was higher than 
that of more hindered nitriles (Type B)(Entries 5-7). While in Ph(CH2)2CN and 
P h i C H C N (Entries 8-9 and 11), the electron-withdrawing and sterically more 
hindered phenyl group disfavor coordination. The yield of these substrates would be 
very low and were not detected by T L C and 'H N M R analysis. Alternative C-H bond 
activation^^ channel could be possible at the a-C-H positions (Scheme 2.8’ Entries 8 
and 9). It is similar to the C-H activation of the [(oep)Rh]2 with the enolizable 
aldehydes and ketones (Scheme 2.9 and 2.10).^^ 
R H R / H 
R ' ^ X N RiZ 
^ C-H activation r, 
Rh(tmp). + Rh(tmp)H + ^ 
5 R - ^ C N R CN 
R H R Rh(tmp) 
Rh(tmp). + H 》 C : N , ^ y ^ 
5 R, N - H 
R Rh(tmp) R, ” Rh(tmp) R-
八H + 入 — — R R M N - H + B 八 N 
R' R R| 
Rh(tmp). + ^ (tmp)RhA； 
5 R C N ^CN 
R=alkyl, Ph, H 
Scheme 2.8. C-H bond activation of nitrile 
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M^i n M e O M e O H 
23 OC Me^ l // M e O / H 
H H CgDe (oep)Rh H H Rh(oep) 
M e . 》0 o「 Me O 
[Rh(oep)], + ^ ^ ^ M + Rh(o 印)H 
Me Me CeDe (oep)RK M e 
Scheme 2.9. C-H bond activation of enolizable aldehyde and ketone by [Rh(oep)]2. 
V < o ——R>=<OH 
R H R. — R R. 
[Rh(o印)]2 ^ ― ^ 2Rh(oep) • 
R / )H o ^ /OH 
Rh(oep) . + > = < T - \ ' 
R R' (oep)Rh R' 
R O H R O H 
~ + [Rh(oep)]2 ^ ― ^ ~ ( - R ' + Rh(oep) • 
(oep)Rh R_ (oep)Rh Rh(oep) 
R O H R 〇 
~ ， » ~ ( • + Rh(oep)H 
(oep)Rh Rh(oep) ^ ( o e p ) R h 
R'=CH3, R=H’CH3 
R O R O H 
_ p ) H + ^ ^ M ^ R ' 
H R H Rh(oep) 
R'=H, R=CH3 
Scheme 2.10. The proposed mechanism of C-H bond activation of enolizable 
aldehyde and ketone by [Rh(oep)]2. 
N o reaction occurred for sterically unhindered dimethylmalonitrile (Entry 
12). Likely, the poor coordinating ability of nitrile by the attenuating effect of the 
neighboring nitrile may be a possible reason. For malonitrile (Entry 13), carbon-
hydrogen bond activation (CHA) instead of carbon-carbon bond activation was 
observed. Malonitrile with two a-H which were much less steric than two a-CHs 
groups in dimethylmalonitrile. The pKa value of malonitrile (pKa=l 1.1 in D M S O f 
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is much lower than that of the other nitriles (Table 2.5), so C-H bond activation 
product Rh(tmp)CH(CN)2 11 was obtained in high yield through 
insertion/elimination (Eq 2.13). The reaction is similar to the reaction of [(oep)Rh]2 
with the enolizable aldehydes and ketones (Scheme 2.9 and 2.10).^^ The proposed 
mechanism is shown in Scheme 2.11. Malonitrile firstly undergoes tautomerization 
to the ketenimine. Then two molecules of Rh(tmp) 5 undergo addition / p-hydride 
elimination to yield the product. Rh(tmp)H would react with O： present as an 
impurity to regenerate Rh(tmp) 5 to further C-H bond activation again. 
H H C H A 严 
2Rh(tmp).+ 2 + 〇2 • 2(tmp)Rh-(—H + 2H2O (2.13) 
5 N C C N impurities C N 
11 
H H H 、 / H X — >=C=nZ 
N C C N N C 
。““ , H、 z H insertion H ^ ^ ^ 々 N _ H 
Rh(tmp).+ > : C = n Z • … 广 。 、 
5 N C N C Rh(tmp) 
+ Rh(tmp). ^ 
N C Rh(tmp) 5 (tmp)Rh Rh(tmp) 
H j N N — H p.H elimination ^^^^ 、^  N C 
个C、 — • F{h(tmp)H 十（tmD)RhS^ H 
(tmp)Rh Rh(tmp) (加 
N C C N 
(tmp)Rhkc H • ( t m p ) R h ~ ^ H 
N 11 CN 
2Rh(tmp)H + 1/2〇2 • 2Rh(tmp) + HgO 
impurities 5 
Scheme 2.11. The proposed mechanism of C-H bond activation 
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1.23.4 Proposed Mechanism of CCA 
The mechanism of the C C A is not well understood. A proposed mechanism 
similar to that of C C A of T M E P O is shown in Scheme 2.10.'- '' Nitrile firstly 
coordinates to Rh(tmp) 5 most probably in an endo-on or alternatively in a side-
bound fashion. Subsequent attack at the alkyl group by Rh(tmp) 5 yields Rh(tmp)R 
and cyanide radical which can rapidly reacts with another Rh(tmp) 5 to form 
Rh(tmp)CN 13 (Type A C C A ) (Scheme 2.12). Since Rh(tmp)CN 13 was nearly 
insoluble in most solvent, it could not be detected easily (Part II，Section 2.2.1.2). 
Alternatively, Rh(tmp) 5 can attack Ca-Cpbond to yield Rh(tmp)R and nitrile 
substituted alkyl radical which could dimerize or react with Rh(tmp) 5 to give 
Rh(tmp)alkylnitrile (Type B C C A ) (Scheme 2.13). However, these side products may 
decompose easily and could not be detected easily. 
or f ^ — f s 〜 R h ( t m p ) R + N E C . 
> N = -J 
Rh(tmp) • 」 云h(tmp) • 
5 5 
side-bound end-on R=Me’ Et, Bn 
fast 
N三C • + • Rh(tmp) • Rh(tmp)CN 
5 13 




K , — p / N E C — ^ R _ slow 
N = p : C ~ ~ t ^ R ； • Rh(tmp)CH3 + N 三 
/ 》 o r ： C 4 ' > 
• \ Rh(tmp).-^ 
Rh(tmp) • J 5 
5 
side-bound end-on R=R,=CH3; R=Ph, R'^CHs； R=Ph’ R=H; R=R'=Ph 
R 
/ R N 三 C ^ i ^ R i 
2 N 三 • 
R_ N E C - ^ I ^ R 
R, 
or 
R, / R 
Rh(tmp) • + N C - < • (tmp)Rh今R' 
5 R C N 
Scheme 2.13. C^, -Cp bond activation (Type B) 
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CHAPTER 3 Experimental Section 
General Procedures 
All materials were obtained from commercial suppliers and used without 
further purification unless otherwise specified. Benzene and toluene were distilled 
from sodium under N?. Chloroform was distilled from calcium chloride under N,. 
Hexane was distilled from calcium chloride. Tetrahydrofuran (THF) and diethyl 
ether were freshly distilled from sodium benzophenone ketyl under N,. 1,2-
Dichloroethane was distilled from calcium hydride under N^. Acetonitrile and 
isobutynitrile was distilled with P2O5 under N：. 
Thin layer chromatography was performed on Merck precoated silica gel 60 
F254 plates. Column chromatography was performed on silica gel (70-230) or neutral 
aluminum oxide (activity I，70-230 mesh). 
Triphenylphosphine solution (0.1 M in benzene), which was prepared from 
recrystalized triphenylphosphine in hexane and dissolved in distilled benzene. 
Physical and Analytical Measurements 
IH N M R spectra were recorded on a Bruker DPX-300 (300 MHz). Chemical 
shifts were referenced with the residual solvent protons in C6D6 (5 7.15 ppm), 
CDCI3 (5 7.24 ppm) or with tetramethylsilane (5 0.00 ppm) as the internal standard. 
Chemical shifts were referenced with the residual solvent protons in C^D^ (5 7.15 
ppm) as the internal standard. I3c N M R spectra were recorded on a Bruker DPX-300 
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(75.47 M H z ) spectrometer. Chemical shifts were referenced to the residual solvent 
peak of C6D6 (5 128.0 ppm) or CDCI3 (5 77.0 ppm). 
Mass spectra were recorded on Hewlett Packard 5989B mass spectrometer 
(FAB modes and E.I. modes at 70 eV) or a Bruker A P E X 47e FT-ICR mass 
spectrometer (FAB and ESI modes) or Themo Finnigan M A T 9 5 X L mass 
spectrometer (FAB mode). Fast atom bombardment spectra were obtained using 3-
nitrobenzyl alcohol (NBA) as the matrix. Electrospray ionization spectra were 
obtained with a solvent mixture of acetone with 3 % of acetic acid. 
IR spectra were obtained on either a Nicolet Magne-Ir 550 FT-IR 
spectrophotometer, Perkin Elmer Pargagon 500 Ft-IR spectrophotometer or a Perkin 
Elmer 1600 FT-IR spectrophotometer. Samples were prepared as neat films on KBr 
plates 
Gas chromatography was performed on a H P ,G1800 G C D system using a 
H P 5 M S column (30 m x 0.25 m m x 0.25 i_im), temperature programming: initial 
temperature 100 oc，duration 2 min.; increment rate 20 ^C/min.; final temperature 
280 oc, duration 15 min. 
3ip N M R spectra were recorded on a Varian 400 (162 M H z ) and referenced 
to 85 % H3PO4 externally. Coupling Constants (/) were reported in Hertz (Hz). 
UV-vis spectra were performed on a Hitachi U-3300 spectrophotometer 
equipped with a Neslab temperature controller RTE-210. 
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Preparation of 5,10,15,20-Tetramesitylporphyrin (Hitmp) (1).45 To a 3 L 3-
necked round-bottomed flask that was connected with N ! inlet, a condenser and a 
stopper and charged with CHCI3 (distilled over CaCl! under N2, I U’ 
mesitylaldehyde (1.5 m L , 10 mmol) and pyrrole (0.7 m L , 10 mmol) were added. 
After the reaction mixture was purged with N2 for 15 min., boron trifluoride etherate 
. (0.5 m L , 3.3 mmol) was added. The reaction mixture gradually turned from 
colorless to brown in color. After 1 h, chlorinil (1.8 g, 7.5 mmol) was added and the 
whole reaction mixture was heated to gentle reflux for 1 h. The reaction mixture 
turned to dark purple in color. Solvent was then removed by rotary evaporation. The 
crude product was purified by chromatography on silica gel by CHCI3. The first red 
band was collected. After removal of solvent by rotary evaporation, purple 
crystalline solids (601 mg, 0.77 mmol, 31 % ) were obtained after recrystallization 
from CHCl3/MeOH. Rf= 0.55 (hexaneiCHCb 二 5:1); ^ H N M R (CDCI3) 5 -2.55 (br 
s, 1 H), 1.82 (s, 24 H), 2.59 (s, 12 H), 7.24 (s, 8 H), 8.59 (s, 8 H). 
Preparation of Chlorodicarbonyl Rhodium(I) Dimer [Rh(CO)2Cl]2 
RhCl3.xH20 (2.9 g, 11 mmol) was charged into a glass tube which was wrapped 
with electric heat wire. The end of the tube was fitted with bubbler in the fumehood. 
A slow stream of C O was passed through the heated tube at ~100 ^C. Brown 
RhCl3.xH20 disappeared gradually and water condensed on the cold finger. With 
continuous removal of condensed water, bright red needle shaped crystals were 
sublimed at two ends of the glass tube. After heating for 2 days and cooling to room 
temperature, the bright red needle shaped crystals were sublimed under high vacuum 
to give red needle shape crystals [Rh(CO)2Cl]2 (2.8 g, 7.3 mmol, 70 %). 
4 8 
Preparation of (5,10,15,20-Tetramesitylporphyrinato)iodo Rhodium(III) 
(Rh(tmp)I) (3)47 To the suspension of Hijmp 1 (300 mg, 0.38 mmol) and NaOAc 
(250 mg, 3.02 mmol) in 1,2-dichloroethane (distilled over CaH? under N2, 100 mL), 
[Rh(CO)2Cl]2 2 (207 mg, 0.53 mmol) in 1,2-dichloroethane (30 m L ) was added 
dropwisely through a cannular. The suspension was then heated to gentle reflux 
overnight. The suspension turned from purple to brown in color. I2 (154 mg, 0.61 
mmol) was added to the reaction mixture at rt. and the suspension turned to dark 
brown. The reaction mixture was then filtered through celite, washed with C H i C b 
and the filtrate was rotary evaporated off to dryness. The residue was then purified 
by chromatography on silica gel using a solvent mixture of hexaneiCHiCh (5:1) to 
hexane:CH2Cl2 (3:2) as the gradient eluents. The slow moving orange band was 
collected and the solvent was rotary evaporated off to dryness to give purple solids of 
Rh(tmp)I 3 (344 mg, 0.34 mmol, 89 %). The product obtained was further purified 
by recrystallization from CHsCh/Hexane. Rf : 0.20 (hexane:CH2Cl2 = 3:2); ^H 
N M R (CDCI3) 5 1.72 (s, 12 H), 2.03 (s, 12 H), 2.60 (s, 12 H), 7.22 (s, 4 H), 7.27 (s, 
4 H), 8.60 (s, 8 H). 
Preparation of Porphyrinato Rhodium(III) Alkyls (Rh(por)R).47 General 
procedure. The preparation of (5,10,15,20-tetramesitylporphyrinato)methyl 
Rhodium(III) [Rh(tmp)CH3] (4) by reductive methylation of Rh(tmp)I 3 was 
described as a typical example for the preparation of porphyrinato rhodium(III) alkyl 
complexes. A red suspension of 3 (200 mg, 0.150 mmol) in EtOH (100 m L ) was 
heated to and a solution of NaBH4 (28 mg, 0.74 mmol) in aq N a O H (0.5 M , 8 mL) 
was purged with N2 separately for about 15 min. The solution of NaBH4 was added 
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slowly to the suspension of 3 via a cannular in a period of 30 min. The reaction 
mixture was heated at 55 °C for 1 h and the color changed to deep brown in color. 
The reaction mixture was then cooled down to 0 °C under N! and Mel (0.4 mL, 6.4 
mmol) was added via syringe. An orange suspension formed immediately. It was 
stirred for one day. The reaction mixture was worked up by addition with 
CH2CI2/H2O. The crude product was extracted with CH2CI2 (200 mL), washed with 
H2O (25 m L X 3), dried over MgS04, filtered and rotary evaporated off to dryness. 
After purification by chromatography on silica gel using a solvent mixture of 
hexane:CH2Cl2 (10:1) to hexane:CH2Cl2 (5:1) as the gradient eluents, orange solids 
(169 mg, 0.19 mmol, 95 % ) were obtained which were further purified by 
recrystallization from CHzCh/hexane. Rf= 0.47 (hexane:CH2Cl2 = 5:1); ^ H N M R 
(CDCI3) 5 -5.76 (d, 3 H, 二 2.7 Hz), 1.75 (s, 12 H), 1.95 (s, 12 H), 2.59 (s, 12 
H), 7.22 (s, 4 H), 7.24 (s, 4 H), 8.45 (s, 8 H); ^ H N M R (CeDe) 5 -5.26 (d, 3 H, 
二 2.7 Hz), 1.72 (s, 12 H), 2.25 (s, 12 H), 2.43 (s, 12 H), 7.07 (s, 4 H), 7.20 (s, 4 H), 
8.75 (s, 8 H). 
Preparation of (5,10,15,20-Tetramesitylporphyrinato)butyl Rhodium(III) 
(RhCtmpfBu) (4b). 47 4c was synthesized from 3 (80 mg, 0.08 mmol) and "BuBr 
(0.30 m L , 2.88 mmol). The crude orange solids were purified by chromatography on 
silica gel using a solvent mixture of hexaneiCH^Ch (10:1) to hexaneiCHiCh (5:1) 
as the gradient eluents, orange solids (31 mg, 0.03 mmol, 42%) were obtained. R f : 
0.59 (hexane:CH2Cl2 = 3:1) iH NMR (CeDe) 5 -4.46 - -4.39 (m, 2 H), -3.94 - -3.84 
(m, 2 H), -1.15 一 -1.03 (m, 2 H), -0.68 - -0.63 (m, 3 H), 1.90 (s, 12 H), 2.17 (s，12 
H), 2.44 (s, 12 H), 7.19 (s, 4 H), 7.11 (s, 4 H), 8.73 (s, 8 H) " C N M R {CeDe, 75.5Hz) 
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5 1.4’ 12.3, 14.3, 14.7, 20.5, 21.5, 21.8, 22.1, 30.0’ 30.2，30.8’ 120.2, 129.0, 130.9’ 
137.7，139.0, 139.3 143.1 HRMS(FABMS): C a l c d f o r (QoHeiNiRh).: zn/z 940.3946. 
Found: m/z 940.3945. 
Preparation of (5,10,15,20-Tetramesitylporphyrinato)cyclohexa Rhodium(III) 
(Rh(tmp)Cy) (4c). 4c was synthesized from 3 (80 mg, 0.08 mmol) and CyBr (0.35 
m L , 2.88 mmol). The crude orange solids were purified by chromatography on silica 
gel using a solvent mixture of hexane:CH2Cl2 (10:1) to hexaneiCHaCli (5:1) as the 
gradient eluents. Orange solids (8.0 mg, 8.0 [amol, 10 % ) were obtained. Rf = 0.74 
(hexane:CH2Cl2 = 5:1). Crude iH NMR {CeDe) 6 -3.68 一 -3.40 (m，5 H), -2.44 (m, 1 
H), -0.96 - -0.93 (m, 2 H), -0.35 - -0.24 (m, 3 H), 1.77 - 2.43 (m, 36 H), 8.93 (s, 8 
H) 
Preparation of 5,10,15,20-Tetramesitylporphyrinato Rhodium(II) [Rh(tmp)] 
(5). 47’48 . To a Teflon screwhead stoppered flask, Rh(tmp)CH3 4 (10.0 mg, 0.01 
mmol) was dissolved in C6H6 (4.0 m L ) to form a clear orange solution. The reaction 
mixture was then degassed by the freeze-pump-thaw method (3 cycles) and refilled 
with N2. The reaction mixture was irradiated under a 400 W Hg-lamp at 6-10 ^C 
until complete Rh(tmp)CH3 4 consumption was confirmed by T L C analysis (6 - 8 h). 
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Preparation of alkyldiphenylphosphine PhzPR. 
General procedure. Ethyldiphenylphosphine (PhiPEt) (8) was prepared by 
Grignard reaction. A Grignard reagent, prepared from ethyl iodide (3.1 m L , 39 
mmol) and magnesium powder (1.03 g, 43 mmol) in dry, oxygen-free, freshly 
distilled diethyl ether (50 m L ) under N2, the flask was warmed gently to initiate the 
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reaction and heated to reflux for 2 hours. A solution of PhaPCl (11 mL, 61.3 mmol) 
in anhydrous diethyl ether (30 m L ) was added dropwise with stirring through a 
cannular under N2 at -78 light yellow suspension was observed. When the 
addition of PhiPCl was complete, the mixture was heated to reflux for 1 day. The 
reaction was cooled and deoxygenated (100 mL) cool water was added to decompose 
the excess magnesium. The phosphine was extracted with deoxygenated Et?。(100 
m L ) . The organic layer was dried over MgS04, filtered and rotary evaporated off to 
dryness to give an oily yellow liquid. After vacuum distillation, a colorless liquid 
product (6.49 g, 30.3 mmol, 78 % ) was obtained (b.p. 100-105。C / 0.05 m m H g ) . Rf 
=0.53 (hexane:EA = 20:1). IR N M R (CDCI3) 5 1.03 — 1.14(m, 3 H), 2.01--2.08 (m, 
2 H), 7.31-7.47 (m, 10H).^'PNMR {CDCh)b -9.71 
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Preparation of Isopropyldiphenylphosphine (PhzP^Pr) (9). 
Isopropyldiphenylphosphine [PhsP'Pr] (16) was synthesized from Grignard reagent ( 
isopropyl bromide (3.7 m L , 39 mmol), M g powder (1.22 g, 50.7 mmol), dry, 
oxygen-free, freshly distilled E W (50 m L ) ) and PhiPCl (11 m L , 61.3 mmol, in 
anhydrous EhO (50 m L ) ). After extraction and vacuum distillation, a colorless 
liquid (2.04 g, 9.0 mmol, 23 % ) was obtained (b.p. 166-168。C / 0.04 mmHg). ^H 
N M R (CDCI3) 5 1.07 (dd, 6 H, J 二 6.9’ 15.6 Hz), 2.40 - 2.47 (m, 1 H), 7.26 - 7.52 
(m, 10 H). N M R (CDCI3) 5 13.51. 
Preparation of /i-Butyldiphenylphosphine (PhzF'Bu) (7). "-Butyl lithium 
(1.6M in hexane, 25 ml, 40 mmol) was added in dry, oxygen-free, freshly distilled 
Et20 (50 m L ) under N2. The solution was cooled to -78 followed by addition of 
solution of PhiPCl (7 m L , 39 mmol, in anhydrous Et〗。(25 m L ) ) dropwise with 
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stirring through a cannular under N!. After addition of PhoPCl, the mixture was 
warmed to room temperature and stirred for 1 day. The reaction was cooled and 
deoxygenated (100 m L ) cool water was added. The phosphine was extracted with 
deoxygenated Et〗。(100 mL). The organic layer was dried over MgSCU, filtered and 
rotary evaporated off to dryness to give an oily yellow liquid. After vacuum 
distillation, a colorless liquid product (7.56 g, 31.2 mmol, 80 % ) was obtained (b.p. • 
160-170。C / 0.06 mmHg). Rf= 0.95 (hexane:EA = 20:1). ^H N M R (CDCI3) 6 0.85 
(t, 3 H, i 二 7.1 Hz), 1.38 - 1.46 (m, 4 H), 2.01 (t, 2 H，J 二 7.8 Hz), 7.29 - 7.44 (m, 
10 H). 3丨P N M R (CDCI3) 5-1.86 
Preparation of ^ -Butyldiphenylphosphine (Ph^P^Bu) (6). r-Butyl lithium (1.7 
M in hexane, 23.5 ml, 40 mmol) was added in dry, oxygen-free, freshly distilled 
Et20(50 m L ) under N2. The solution was cooled to -78。C’ followed by addition of 
solution of Ph.PCl ( 7 m L , 39 mmol, in anhydrous Et.O (25 m L ) ) dropwisely with 
stirring through a cannular under N2. After addition of Ph^PCl，the mixture was 
warmed to room temperature and stirred for 1 day. The reaction was cooled and 
deoxygenated (100 m L ) cool water was added. The phosphine was extracted with 
deoxygenated EtaO (100 mL). The organic layer was dried over MgSC^’ filtered and 
rotary evaporated off to dryness to give oily yellow liquid. After vacuum distillation, 
a colorless liquid product (1.32 g, 5.5 mmol, 14 % ) was obtained (b.p. 108-110。C / 
0.04 mmHg). Rf= 0.71 (hexane:EA = 20:1). ^ H N M R (CDCI3) 5 1.16 (d, 9H, J = 
12.6 Hz), 7.35 一 7.60 (m, 10 H). ''P N M R (CDCI3) 5 28.60 
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Reaction between [Rh(tmp)] (5) and Methyldiphenylphosphine. 
Methyldiphenylphosphine (5 ^ iL, 0.025 mmol) was added to a benzene solution of 
[Rh(tmp)] 5. The reaction mixture was then heated at 120 -130 oC for 2 days under 
N2 in the absence of light. The 'H N M R of the crude reaction mixture (CeD。）5-3.14 
(d, 3 H’ J = 3Hz)’ 1.3 一 2.4(m, 36 H), 8.7 (s, 8 H). The signals were similar to that of 
Rh(tmp)Me. The crude product was then purified by chromatography on silica gel 
using a solvent mixture of hexane:CH2Cl2 (10:1) to hexaneiCHiCli (5:1) as the 
gradient eluents to give an orange solids of Rh(tmp)CH3 4 with identical ^ H N M R 
spectrum with that of an authentic sample. Rf= 0.57 (hexane:CH2Cl2 二 5:1). 
Reaction between [Rh(tmp)] (5) and Ethyldiphenylphosphine (PhzPEt) (8). 
Ethyldiphenylphosphine 8 (0.01 ml, 0.04 mmol) was added to a benzene solution of 
[Rh(tmp)] 5. The reaction mixture was then heated at 130 ^ C for 3 days under N2 in 
the absence of light. 'H N M R of the crude reaction product (CgDe) 5 -2.07 - -
2.02 (m, 2 H), -1.54 - -1.44 (m, 3 H), 1.33 - - 2.43 (m, 36 H), 8.72 - 8.76 (m，8 H). 
Reaction between [Rh(tmp)] (5) and n-Butyldiphenylphosphine (PhiPBu) (7). n-
Butyldiphenylphosphine 7 (0.01 ml, 0.04 mmol) was added to a benzene solution of 
[Rh(tmp)] 5. The reaction mixture was then heated at 130 oC for 4 days under N2 in 
the absence of light. ^H N M R of the crude reaction product (CgD。） 
5 -2.04 - -2.01 (m，2 H), -1.28 (m, 2 H), -0.17 - -0.12 (m, 4 H), -0.03 - -0.02 (m, 3 
H), 1.17-2.42 (m, 36 H), 8.72 - 8.76 (m, 8 H). 
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Reaction between [Rh(tmp)] (5) and Isopropyldiphenylphosphine (PhiP'Pr) 
(9). Isopropyldiphenylphosphine 9 (0.01 ml, 0.04 mmol) was added to a benzene 
solution of [Rh(tmp)] 5. The reaction mixture was then heated at 130 oC for 10 h 
under N2 in the absence of light. The crude product was purified by chromatography 
on silica gel using a solvent mixture of hexane:CH2Cl2 (12:1) to hexaneiCHiCli 
(5:1) as the gradient eluents to give an orange solids of Unknown(s)A (0.2 mg) Rf= 
0.47 (hexane:CH2Cl2 : 5:1).1h NMR (CgDe) 5 -4.32 - -4.25 (m, 3 H), 
-2.76 - -2.70 (m, 3 H),-1.56 - -1.50 (m, 1 H), 1.83 (s, 12 H), 2.19 (s, 12 H), 2.42 (s, 
12 H), 8.74 (s, 8 H). LIMS m/z: 899.29, 947.33，1111.39. 
Reaction between [Rh(tmp)] (5) and ^-Butyldiphenylphosphine (PhiP'Bu) (6). t-
Butyldiphenylphosphine 6 (0.01 ml, 0.04 mmol) was added to a benzene solution of 
[Rh(tmp)] 5. The reaction mixture was then heated at 130 oC for 16 h under N2 in 
the absence of light. The crude product was purified by chromatography on silica gel 
using a solvent mixture of hexane:CH2Cl2 (12:1) to hexane:CH2Cl2 (5:1) as the 
gradient eluents to give an orange solids of Unknown(s) B (2.00 mg) Rf = 0.61 
(hexane:CH2Cl2 二 5:1).1h NMR (CgDe) 5-4 .39 - - 4 . 3 6 (m, 2 H), -1.82 (d，/ 二 9 
Hz, 6H’）2.00 (s, 12 H), 2.07 (s, 12 H), 2.44 (s, 12 H), 8.73 (s, 8 H). UV-visible 
(CfiHe), A^ max, n m (log e) 412 (0.49), 520 (0.05). LSIMS: m/z 895, 899’ 940. 
Reaction between [Rh(tmp)] (5) and Tri-^-Butylphosphine (PCBu)3). Tri-f-
Butylphosphine (0.01 ml, 0.04 mmol) was added to a benzene solution of [Rh(tmp)] 
5 5 
5. The reaction mixture was then heated at 130 ^ C for 2 days under N2 in the absence 
of light. The crude product was purified by chromatography on silica gel using a 
solvent mixture of hexane:CH2Cl2 (12:1) to hexaneiCHiCli (5:1) as the gradient 
eluents to give an orange solids of Unknown(s) B (5.00 mg) Rf = 0.61 
(hexane:CH2Cl2 二 5:1).1h N M R (CgD^) 5-4.38 (m, 2 H), -1.83 (d, J = 6Hz, 4H), 
1.99 (s, 12 H), 2.05 (s, 12 H), 2.42 (s, 12 H), 8.74 (s, 8 H). '^P N M R (CgDs) 
5 -53.25. L C M S : m/z 882.3, 940.3 
Reaction between [Rh(tmp)] (5) and Tri-Cyclohexylphosphine (PCya). Tri-
cyclohexaphosphine (6.00 mg, 0.02 mmol) was added to a benzene solution of 
[Rh(tmp)] 5. The reaction mixture was then heated at 130 oC for 2 days under N2 in 
the absence of light. The crude product 'H N M R (CgDs) 5-1.95 (m, 2 H), —1.63 (m, 
4H), -0.99 (m, 2 H), -0.49 (m, 3 H), 0.31 (m, 2 H), 1.40 - 1.89 (m, 12 H), 2.24 (s, 
12H), 3.02 (s, 12 H), 8.71 (s, 8 H). 
Preparation of 2,2-Dimethylphenylacetonitrile (MezPhCCN) (10).^ ^ Methyl 
lithium (5 % in ether, 2 m L , 17.24 mmol) was added to the mixture of distilled EtiO 
(10 ml) and distilled T H F (30 ml) under N2 at -100 dropwisely. 
Phenylacetonitrile (2 m L , 17.24 mmol, in 5 m L distilled THF) was added to the 
mixture at -100 dropwisely. The yellow solution was obtained immediately. The 
solution was gradually warmed to room temperature and stirred for 1 hr, the 
yellowish orange solution was observed. The solution of Mel (2.68 m L , 43.11 mmol) 
with sodamide (1.5 g, 34.5 mmol) in distilled Et^O (30 m L ) was added at -78 It 
was warmed to -40。C and stirred for 1.5 h, then it was allowed to reach room 
temperature and stirred for 1 day. Decomposition on cold water was followed by 
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extraction of the aqueous phase with ether. The organic layer was then washed with 
(0.01 M ) HCl solution and (2 x 100 ml) HoO. After drying over MgSCU, the organic 
phase was filtered and the solvent was removed by vacuum to give a colorless liquid. 
Rf= 0.80 (hexane:EA = 20:1). ^ H N M R (CDCI3) 5 1.60 (s, 6 H), 7.15 - 7.36 (m, 5 
H); IR (KBr, cm'') 529, 738’ 901’ 1092’ 1223, 1270, 1363’ 1424’ 1638’ 1712’ 2141’ 
2928, 3003, 3058, 3412, 3457; HRMS(EIMS) Calcd for (Ci。HiiN)+: m/z 145.0886. 
Found: m/zl45.0889. 
Reaction between [Rh(tmp)] (5) and Acetonitrile (MeCN). Acetonitrile (3.0 ^ iL, 
0.06 mmol) was added via a micro-syringe to a benzene solution of [Rh(tmp)] 5 and 
the reaction mixture was then heated at 130 oC for 5 d under N2 in the absence of 
light. .The 'H N M R spectrum of the crude product with peaks similar to that of 
Rh(tmp)Me but the Rh(tmp)Me was too small to be purified by chromatography. 
Reaction between [Rh(tmp)] (5) and Acetonitrile (MeCN) with ？?h, added. 
Triphenylphosphine solutions (0.1 m L , 0.01 mmol) was added to the solution of 
[Rh(tmp)] 5 at rt. Acetonitrile (1.0 [xL, 0.02 mmol) was then added and the solution 
and was heated at 80-110 ^ C for 7 days under N2 in the absence of light. The crude 
product was purified by chromatography on silica gel using a solvent mixture of 
hexane:CH2Cl2 (10:1) to hexane:CH2Cl2 (7:1) as the gradient eluents to give trace 
amount of orange solids of Rh(tmp)CH3 with identical 'H N M R spectrum with that 
of an authentic sample. Rf= 0.57 (hexane:CH2Cl2 = 5:1). 
Reaction between [Rh(tmp)] (5) and Propionitrile (EtCN) with PPhj added. 
Triphenylphosphine solution in benzene (0.1 m L , 0.011 mmol) was added to the 
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solution of [Rh(tmp)] 5 at rt. Propionitrile (4.0 ^ iL, 0.06 mmol) was then added to the 
adduct solution and heated at 110 ^ C for 1.5 days under N2 in the absence of light. Rf 
=0.20 (hexane:CH2Cl2 = 5:1). The crude product ^ H N M R (CeDe) 6 -1.48(t’ 3 H, J 
二 7.2 Hz), - 1.19 (d, 2 H , 7 = 7.5 Hz), 1.93 (s，12 H), 2.13 (s, 12 H), 2.44 (s, 12 H), 
8.83 (s, 8 H) 、 
Reaction between [Rh(tmp)] 5 and Phenylacetonitrile (BnCN) with PPha added: 
Triphenylphosphine solution in benzene (0.1 m L , 0.01 mmol) was added to the 
solution of [Rh(tmp)] 5 at rt. Phenylacetonitrile (0.01 m L , 0.08 mmol) was then 
added and the solution and was heated at 130 ^ C for 3 days under N2 in the absence 
of light. The crude product was purified by chromatography on silica gel using a 
solvent mixture of hexane:CH2Cl2 (20:1) to hexane-.CHiCh (4:1) as the gradient 
eluents to give impure orange solids of Rh(tmp)Bn (2.42 mg, 2.5 fimol, 31 % ) with 
•h N M R spectrum with the same peaks to that of Rh(tmp)Bn and the yield was 
calculated from the integration of N M R . 
Reaction between [Rh(tmp)] (5) and 2,2-Dimethylpropionitrile ('BuCN). t-
Butylnitrile (5.0 ^iL, 0.08 mmol) via a micro-syringe to a benzene solution of 
[Rh(tmp)] 5 and the reaction mixture was then heated at 115-135 ^ C for 6 h under N2 
in the absence of light. Rf: 0.57 (hexane:CH2Cl2 二 5:1). The crude product (H N M R 
spectrum with peaks identical to that of Rh(tmp)Me. 
Reaction between [Rh(tmp)] (5) and 2,2-Dimethylpropionitrile ('BuCN) with 
pph3 added. Triphenylphosphine solutions (0.1 m L , 0.01 mmol) was added to the 
solution of [Rh(tmp)] 5 at rt. f-Butylnitrile (5.0 ^ iL, 0.08 mmol) was then added and 
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the solution and was heated at 110 -130 ^C for 2 days under N2 in the absence of 
light. The crude product was purified by chromatography on silica gel using a 
solvent mixture of hexane-.CHiCh (10:1) to hexaneiCHiCh (5:1) as the gradient 
eluents to give orange solids of Rh(tmp)CH3 4 (1.7 mg, 1.9 |imol, 24 % ) with 
identical ^H N M R spectrum with that of an authentic sample. Rf = 0.57 
(hexane:CH2Cl2 = 5:1). Rf= 0.57 (hexaneiCHiCb = 5:1). 
Reaction between [Rh(tmp)] (5) and 2,2-Dimethylphenylacetonitrile 
(MezPhCCN) (10) with PPhj added. Triphenylphosphine solution in benzene (0.1 
m L , 0.011 mmol) was added to the solution of [Rh(tmp)] 5 at rt. 2,2-
Dimethylphenylacetonitrile (10.0 ^ iL, 0.07 mmol) was then added and the solution 
was heated at 110 oC for 1.5 days under N2 in the absence of light. The crude 
product was purified by chromatography on silica gel using a solvent mixture of 
hexane:CH2Cl2 (10:1) to hexane:CH2Cl2 (5:1) as the gradient eluents to give orange 
solids of Rh(tmp)CH3 4 (1 mg, 2.0 ^ imol, 14 % ) with identical ^ H N M R spectrum 
with that of an authentic sample. Rf : 0.57 (hexane:CH2Cl2 = 5:1). Rf = 0.57 
(hexane:CH2Cl2 = 5:1). 
Reaction between [Rh(tmp)] (5) and 2-Phenylpropionitrile ( M e P h C H C N ) with 
pph3 added. Triphenylphosphine solutions (0.1 m L , 0.01 mmol) was added to the 
solution of [Rh(tmp)] 5 at it. 2-Phenylpropionitrile (10.0 i^L, 0.08 mmol) was then 
added and the solution and was heated at 110 oC for 2 days under N2 in the absence 
of light. The crude product was purified by chromatography on silica gel using a 
solvent mixture of hexane:CH2Cl2 (10:1) to hexaneiCHiCli (5:1) as the gradient 
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eluents to give orange solids of Rh(tmp)CH3 4 (0.9 mg, 1.0 ^imol, 12 % ) with 
identical 'H N M R spectrum with that of an authentic sample. Rf = 0.57 
(hexane:CH2Cl2 = 5:l). 
Reaction between [Rh(tmp)] 5 and 2，2-Diphenylpropionitrile (MePhzCCN) with 
pph3 added: Triphenylphosphine solution in benzene (0.1 m L , 0.01 mmol) was 
added to the solution of [Rh(tmp)] 5 at rt. 2, 2-Diphenylpropionitrile (10.0 i^L, 0.05 
mmol) was then added to the adduct solution and heated at 110 ^ C for 4 days under 
N2 in the absence of light. The crude product ^ H N M R spectrum with the same peaks 
to that of Rh(tmp)Me. Rf= 0.57 (hexane:CH2Cl2 二 5:1). 
Reaction between [Rh(tmp)] (5) and 3-Phenylpropionitrile (Ph(CH2)2CN) with 
PPh3 added. Triphenylphosphine solutions (0.1 mL, 0.01 mmol) was added to the 
solution of [Rh(tmp)] 5 at rt. 3-Phenylpropionitrile (10.0 ^ iL, 0.05 mmol) was then 
added and the solution and was heated at 110-130 for 1.6 days under N2 in the 
absence of light. No corresponding C C A product observed from the crude product ^ H 
N M R spectrum and T L C analysis but with some unknown Rh(tmp)complexes were 
formed. 
Reaction between [Rh(tmp)] (5) and 2-Methylpropionitrile ('PrCN) with PPh， 
added. Triphenylphosphine solution in benzene (0.1 m L , 0.01 mmol) was added to 
the solution of [Rh(tmp)] 5 at rt. 2-Methylpropionitrile (5.0 |_iL’ 0.05 mmol) was then 
added to the adduct solution and heated at 110 -120 oC for 3 days under N2 in the 
absence of light. N o corresponding C C A product observed from the crude product 'H 
N M R spectrum but with some unknown Rh(tmp)complexes were formed. 
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Reaction between [Rh(tmp)] (5) and Benzonitrile (PhCN) with PPh〗 added. 
Triphenylphosphine solution in benzene (0.1 mL, 0.01 mmol) was added to the 
solution of [Rh(tmp)] 5 at rt. Benzonitrile (1.0 |iL, 0.02 mmol) was then added to the 
adduct solution and heated at 80-110 oC for 7 days under N2 in the absence of light. 
N o corresponding C C A product observed from the crude product 'H N M R spectrum 
and T L C analysis. 
Reaction between [Rh(tmp)] (5) and Diphenylacetonitrile (PhzCHCN) with PPha 
added. Triphenylphosphine solution in benzene (0.1 m L , 0.01 mmol) was added to 
the solution of [Rh(tmp)] 5 at rt. Diphenylacetonitrile (9.7 mg, 0.05 mmol) was then 
added to the adduct solution and heated at 110-130 ^ C for 1.5 days under N2 in the 
absence of light N o corresponding C C A product observed from the crude product 'H 
N M R spectrum and T L C analysis. 
Reaction between [Rh(tmp)] (5) and Dimethylmalononitrile (Me2C(CN)2) with 
pph3 added. Triphenylphosphine solution in benzene (0.1 m L , 0.01 mmol) was 
added to the solution of [Rh(tmp)] 5 at rt. Dimethylmalonitrile (10.0 jaL, 0.08 mmol) 
was then added to the adduct solution and heated at 110-130 for 2.3 days under 
N2 in the absence of light. N o corresponding C C A product observed from the crude 
product 1h N M R spectrum. 
Reaction between [Rh(tmp)] (5) and Malononitrile (CH2(CN)2) with PPhj 
added. Triphenylphosphine solution in benzene (0.1 m L , 0.01 mmol) was added to 
the solution of [Rh(tmp)] 5 at rt. Malononitrile (10.0 \xU 0.08 mmol) was then added 
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and the solution and was heated at 110 oC for 1.5 days under N2 in the absence of 
light. The crude product was purified by chromatography on silica gel using a 
solvent mixture of hexane:CH2Cl2 (10:1) to hexane-.CHiCh (1:1) as the gradient 
eluents to give orange solids of Rh(tmp)CH(CN)2 11 (8.9 mg, 9.4 ^ imol, 94 % ) Rf = 
0.22 (hexane:CH2Cl2 = 1:1)； ^H N M R (CsDe) 5 -4.02- -3.96 (m, 1 H), 1.96 (s, 12 H), 
2.01 (s, 12 H), 2.43 (s, 12 H), 7.00-7.64 (m, 8 H), 8.87 (s, 8 H); ^ H N M R (CDCI3) 5 -
4.15 (m, 1 H), 1.80 (s, 12 H), 1.90 (s, 12 H), 2.62 (s, 12 H), 7.30 (m, 8 H), 8.73 (s, 8 
H); 13c N M R (QDfi’ 75.5Hz) 5 21.5, 22.0, 22.3，24.1’ 29.3, 30.2’ 30.8, 128.0，128.3， 
128.9, 129.0, 132.4, 143.0; " C N M R (CDCI3. 75.5Hz) 5 1.0, 14.0’ 21.4，22.0, 29.7, 
63.6, 89.8’ 127.07, 128.2, 132.2, 137.5’ 138.0’ 139.4, 142.5; JR (KBr, cm-') v 739’ 
896，1157, 1265’ 1424, 2305, 2986，3055, 3688，3943; H R M S ( F A B M S ) : Calcd for 
(C59H53N6Rh)+: m/z 948.3381. Found: m/z 948.3324. 
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Conclusion 
The rhodium(II) radical of m^jo-tetramesitylporphyrin (tmp) was synthesized in 
good yield by a modified method of photolysis of Rh(tmp)Me under anaerobic 
conditions at low temperature. Several aliphatic phosphines were synthesized and 
underwent aliphatic carbon-phosphorus bond activation by Rh(tmp) radical. 
Triphenylphosphine was found to be a non-reacting ligand to promote carbon-carbon 
bond activation. A novel mfermolecular activation of aliphatic, unstrained carbon-
carbon bonds of nitriles using Rh(tmp) and PPhs as a ligand was discovered for the 
first time. Two types of C-C bond activation were observed: Ca-CN bond activation 
and Ca-Cp bond activation. Primary nitriles such as acetonitrile, propionitrile and 
phenylacetonitrile underwent Ca-CN bond activation. Secondary or tertiary nitriles 
such as 2,2-dimethylpropanonitrile, 2,2-dimethylphenylacetonitrile, 2-
phenylpropionitrile, and 2, 2-diphenylpropionitrile underwent Ca-Cp bond activation. 
Malononitrile, however, underwent carbon-hydrogen bond activation. Benzonitrile, 
an aromatic nitrile, did not react with Rh(tmp). The reactivity patterns were 
rationalized by steric effect and bond strength. 
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PART II ACTIVATION OF CARBON-SILICON BOND 
OF NITRILES BY RHODIUM PORPHYRIN RADICAL 
CHAPTER 1 General Introduction 
ILi. l Carbon-Silicon Bond Activation by Transition Metals 
A fundamental goal in organanometallic chemistry is the activation of C-R 
(R= H, CR3, SiR3) bonds.ia’ib’id Activation of an Si-C bond induced by a transition-
metal species has attracted much attention in connection with functionalization and 
catalytic transformation of organosilanes.' Moreover, transition metal complex-
promoted activation of Si-C bond of organosilanes is of significant interest relevant 
to the mechanisms of metal complex-catalyzed synthetic organic reactions involving 
transfer of an organic group bonded to an Si atom.^' There are mainly two ways in 
which Si-C bond can be broken: a-bond methathesis and oxidative addition.* 
In metal-silicon chemistry, the analogous preference for Si-H over Si-C 
activation may be explained by the same factors recognized to account for 
chemoselectivity in C-H versus C-C activation (Part 1’ I.l.l)’，including the 
inherently more hindered nature of Si-C bonds, the statistical abundance of Si-H 
bonds in most silylhydrocarbons and the higher barrier for Si-C bond activation.^  
Oxidative addition of Si-C bond to low valent transition metals seems to be more 
facile than that of C-C bond, owing to smaller dissociation energy and the longer of 
Si-C bond than that of C-C bond, and also to thermodynamically more stable M-Si 
bond than M - C bond.〗 
7 1 
There is growing interest in C S A , partially due to the interest in the catalytic 
formation of new organosilicon polymers^" and modification of polymers.^ In 
addition, studies of C-Si bond activations may provide important insights into 
designing comparable chemistry for C-C bonds, which is expected to be more 
difficult.^  
II. l . l . l Potential Application of C-Si Bond Activation 
Organosilicon polymers have attracted growing attention for their unique 
physiochemical properties.^ C S A of silacycles is a most promising method to prepare 
these silicon polymers.^'^'' Group 9 or 10 metals catalyze C S A of carbosilacycles.^ '"^  
In particular, these metal complexes have been effectively used for the synthesis of 
silylene and methylene units containing polycarbosilanes, which have recently been 
refocused for their applicability to the synthesis of functionalized polycarbosilanes^'^'' 
or SiC ceramics.7c An example of catalyzed cleavage of C-Si bond in the 
polymerization of monosilacylobutane with HzPtCle to give poly(carbosilanes) is 
o 
shown in Eq 1.1. 
u r 
H3。\ HpPtCle I 
n ) S i ~ ~ - ^ ——Si-CHsCHsCH-- (1.1) 
H3C 100。C，18h I 
OH3 
J门 
Other than making new organosilicon polymers, modification of polymers 
has been also achieved by C S A . Polysilane (SiRH)n, which bears reactive Si-H 
bonds, can undergo cross-linking with silane (SiH*) gas in the presence of the N d 
7 2 
catalyst to form polysilanes with increased molecular weights via C-Si bond cleavage 
(Scheme 1.1).^  W h e n R = M e , considerable amounts of methane is formed, this may 
due to cross-linking by the elimination of R H (Scheme 1.2). The reactivity increases 
in the order R=Hex<Ph<Me. Electron-withdrawing and sterically small R groups are 
favorable for the reaction. 
Nd cat 
(SiRH)n + SiH4 W cross-linked polymer + RH 
(1 atm) >90 Oc 
R=Hex, Mw =860 R=Hex’ Mw 46,000 
Nd cat.=Cp*NdR {Cp*=C5Me5, R=CH(&Me3)2) 
Scheme 1.1. Modification of organosilicon polymer by CSA 
Si Si——Sin 
Nd]""丨R [C-Si bond cleavage] 
[Nd]—R __Si_H» RH + [Nd]-Si---
w R=Me 
cross-linked 
[ S i = S i — S i n ] ^ cross-linking • polymer 
bip Si biq 
H 
Scheme 1.2. Cross-linking by CSA with elimination of alkane 
II.1.1.2 C(sp3)-Si Bond Activation 
II.1.1.2.1 Intermolecular C(sp^)-Si Bond Activation in Strained 
System 
Only a few examples of the oxidative addition of C-Si bond or Si-Si bonds to 
form stable metal complexes exist 4 The preparation of alkyl(silyl) complexes by 
such reaction is not only a question of bond activation, but also of stabilizing the 
7 3 
obtained complexes with regard to reductive elimination. Electronic and steric 
factors favoring reductive elimination disfavor oxidative additions, and vice versa. 
Oxidative additions are facilitated by heavy transition metals (which are easier to 
oxidize), by a high electron density at the metal center, and by small ancillary 
ligands. Furthermore, oxidative additions of organosilicon compounds are also 
promoted by electronegative substituents at the silicon atom.4 
Early work by Yamashita and coworkers have shown that the C-Si bonds of 
silacyclobutanes readily undergo oxidative addition to Pt(PEt3)3 to form l-platina-2-
silacyclopentane complexes (Scheme 1.3) 6 
A r A / E t 3 
/ X Toluene pt^ „ ^ 
< >iR2 + Pt(PEt3)3 • 、 / \ + P 旧3 
rt-90°C, 100 min � S i PEtg 
R2 
R=Ph, 95 % 
R=CI, 90 % 
R=Me, 45 % 
Scheme 1.3. CSA of silacycobutane by oxidative addition 
The oxidative addition of both 1,1 -diphenyl-1 -silacyclobutane and 1,1-
dimethyl-1 -silacyclobutane require higher reaction temperature (60 — 90 °C) than 
room temperature. However, 1,1 -dichlo-1 -silacyclobutane reacts similarly even at 
room temperature to give corresponding adduct in 9 0 % yield within 1 h. The 
reactivity of the silacyclobutane increases in the order of R=Me<Ph<Cl, suggesting 
that electron-withdrawing substituents at silicon are more favorable for the reaction. 
O n the other hand, a nearly strain-free six-membered silacycle does not undergo 
oxidative addition of the C-Si bond even at a higher temperature (120 °C). This 
shows that the ring strain of silacyclobutanes is a driving force of the reaction. 
7 4 
Meg Me2 
Si CsHe ySi 
/ + Fe2(C〇)9 • (〇C ) 4 F e Z ^ M e + Fe(C〇)5 (1.2) 
2 1 � C ’ 24 h \ j 
71 % 
� p + Fe2(C〇)9 ' > I SiMe2 + Fe(C〇)5 (1.3) 
2 1 � C ’ 2 4 h 
• (C〇)4 
84 % 
C S A by oxidation addition with transition metal complex depends both on 
steric and electronic factors. The selective cleavage of the Si-CH〕bond but not Si-
C(Me)H bond in 2-methyl-1,1 -dimethylsilacyclobutane with Fe2(CO)9 is mainly 
steric (Eq 1.2).'° However, the selective C(aryl)-Si in the reaction of 
dimethylbenzosilacyclobutane with Fe2(CO)9 (Eq 1.3) is mainly electronic as a more 
stable aryl-iron, instead of benzylic-iron bond is formed. Interestingly, for protic 
systems (protodesilyation) it is the phenyl-silicon bond which is attacked by 
electrophiles and the benzyl-silicon bond by nucleophiles, as expected from 
electronic considerations. This is supporting evidence for the proposal that the 
attacking transition-metal unit is acting as an electrophilic reagent, a premise further 
substantiated by the observation that electron-donating groups at silicon tend to 
enhance, and electron-withdrawing groups tend to decrease, the rate of reaction in 
the various derivatives. Formation of phenyl-iron rather than a benzyl-iron bond may 
be an additional incentive for the chosen reaction path. 
7 5 
II.1.1.2.2 Intermolecular C(sp^)-Si Bond Activation in Unstrained 
System 
Other than in the strained system, the oxidation of C(sp^)-Si bonds of 
unstrained system are also reported. Hofmann has reported the intermolecular C(sp^)-
Si bond activation of tetramethylsilane (TMS) by c/^-hydridoneopentyl platinum 
complex and methyltrimethylsilyl complex is formed (Eq 1.4)." The same platinum 
complex also reacts smoothly with C-Si cleavage and formation of 
(dtbpm)Pt(CH3)(SiMe20SiMe3) and (dtbpm)Pt(CH3)(SiMe2SiMe3) in (Me3Si):zO and 
(Me3Si)2 respectively (dtbpm=bis(di-rerr-butylphosphino)methane) are observed.“ 
(,Bu)2 (〖BU)2 
/SiMe3 
^ P t ^ ^ f e u + SiMe4 — ^ < + CMe4 (1.4) 
p Z \ h 7d \ M e 
(feu)2 (�已 U)2 
�10 0 % 
The intermolecular C(sp^)-Si bond activation has also been observed in the 
synthesis of the methylene/silyl complex Cp*2Ru2()a-CH2)(SiR3)(|>Cl) from 
[Cp*RuCl]4 and dialkylmagnesium reagent Mg(CH2SiR3)2. In this reaction, the C H r 
SiR3 bond is cleaved and both fragments are retained in the organometallic product 
(Scheme 1.4).The product with terminally bonded trialkylsilyl group would not 
undergo further oxidative addition of the Si-C(sp^) bond since the bridging chloride 
ligand decreases the electron density on the Ru centers and suppresses a oxidative 
addition. 
7 6 
Mg(CH2SiR3)2 J ^ n X ^ V 安 ^ ^ 
[cp*Ruci]4 ^ ^ t r R u c ^ ^ R u 
Et2O,0°C, 1-4.5 h y \ ,SiR3 
SiR3= SiEtg, 41 % 
SiR3=SiMe2Et, 50% 
、 SiR3=SiMe2Ph, 1 8 % 
Scheme 1.4. CHg-SiRg bonds was cleaved by [Cp^RuCI^ 
By C(sp3)-Si bond activation, dinuclear Rh(IV) complex [RhL(H)2{^-
S i(CH2CH2Ph)2} 2Rh(H)2L] was obtained from tris(2-phenylethyl)silane 
HSi(CH2CH2Ph)3 and RhClL:，（L=P('Pr)3) (Scheme 1.5).^ ' In fact, initially 
HSi(CH2CH2Ph)3 undergoes Si-H activation with RhClL〕to form Rh(in) complexes 
of RhCl(H)2L2 and RhClH{Si(CH2CH2Ph)3}L2 (Eq 1.5). Then elimination of chloro 
ligand from the complex occurs. Oxidative addition of Si-C bonds to a Rh center 
with subsequent elimination yields ethylbenzene and tetrakis(2-phenylethyl)silane. 
The chloro ligand in initial product RhClH{ Si(CH2CH2Ph)3 }L2 may be eliminated as 
chlorosilane (Scheme 1.5 and Eq 1.5). 
R2 
H Si H 
RhCILs + HSiR3 P 齒 ne> L — ^ R h ^ R h ^ — L + RhCI(H)2L2 … y/ \{ \ 
R2 
22% 
l_=p('pr)3 + CHsCHgPh + SiFU + ClSiRa 
R=CH2CH2Ph 
Scheme 1.5. C(sp^)-Si activation of a triorganosilane promoted by 
RhCI{P('Pr)3}2 
7 7 
RhClL2 + HSiRa 网个総,RhCI(H) 2 L2 + RhCIHSiRgL2 (1.5) 
rt, 2 mins 
R=CH2CH2Ph 
Tilley and coworkers have reported catalytic cleavage of unstrained C(sp^)-Si 
and C(sp2)-Si bonds by a-bond metathesis with lutetium hydride complex 
[Cp*2Lu(|^-H)]2 (Scheme 1.7)" This lutetium hydride displays good selectivity for 
Si-C over Si-H bond activation. Use of dihydrogen in the lutetium hydride-catalyzed 
Si-C bond activations provides a source of hydrogen atoms, which allow complete 
conversion of Si-C to Si-H and C-H bonds. 
10%[Cp*2Lu(|^-H)]2 
RSiHg + Ha • RH + S1H4 
cyclohexane-di2. 75 °C, 1 d 
R=Hex, Ph - 100% 
Scheme 1.7. Cleavage of unstrained C(sp3)-Si and C(sp^)-Si bonds by lutetium 
hydride complex 
II.1.1.3 C(sp2)-Si Bond Activation 
II.1.1.3.1 Intermolecular C(aryl)-Si Bond Activation 
Recently, Valk has reported that selective palladation of aminomethyl-
substituted naphthalene with a Pd “ salt can occur through C-H and C-Si bond 
activation (Scheme 1.8), and the site of metallation can be directed by the proper 
placement of the SiMe〕group on the naphthalene backbone (Scheme 1.8)产丨4 This 
work shows that substitution of an aryl-H by a SiMes group inverts the site 
selectivity of the palladation reaction from the naphthyl C-3 to C-1. The driving 
7 8 
force is hypothesized to be a facile Caryi-Si bond cleavage. In this case palladation 
occurs preferentially through on activation of the Caryi-Si bond rather the Caryi-H 
bond. 
2 i-Pd(OAc)2.MeOH,1h.rt^,/^ or cl-Pd—NMe, 
{ . ii. LiCI, 30 min. rt ” 
^ - N J ； ^ O ^ H 
R=H >99 % 0 % 
R=SiMe3 0% >99% 
Scheme 1.8. Electrophilic palladation of SiMeg-substituted 2-(dimethylamino)-
methylnaphthalenes 
In a similar work of Van Koten, the MesSi group in 2,6-
(Me2NCH2)2C6H3SiMe3 can be used for the selective introduction of a palladium(II) 
center between two mutually meta-positioned aryl-CH^NMe! groups (Eq.1.6).''^  Both 
of LiiLPdCU] and Pd (0Ac)2 can be used as Pd" source. 
I f ^ 义 
J L ^ + U2[PdCI]4 ^ + MeaSiCI + 2LiCI (1.6) 
j I MeOH, rt, 18 h MejN——Pd——NMea 
MegN SiMegNMeg I 
CI 
> 90% 
2,6-(Me2NCH2)2C6H3SiMe3 firstly coordinates with one of the C H s N M e z 
groups to the P d C h center. The intermediate is formed by electrophilic aromatic 
substitution of PdCl2. Finally elimination of SiMe〗 group with CI or O M e anion to 
obtain the C S A product. The mechanism of the reaction has been proposed (Scheme 
1.9).丨 d 
7 9 
I MeaN Si—Me 
NMea SiMeg NMes 
Me 丨 
_ j P L ] r ^ 
_ _ . r V s 
Mea … ， ^ S i X L e . - P d - L e . . 
Me.J \MeCI C丨 X=CI, OMe | 
L J CI 
Scheme 1.9. Proposed mechanism for the electrophilic Caryi-Si cleavage reaction of 
2, 6-(Me2NCH2)2C6H3SiMe3. 
Van Koten applicated the previous result, selective Caryi-Si bond activation also 
has been successfully applied in the synthesis of bridged bispalladium(n) complexes 
(Eq. 1.7).ia’i5 It contains a dianionic ligand with four CH2NMe2 groups is a single 
aromatic ring. 
M e 3 S i - ^ S . M e 3 「 」 叫 ’ UCI ^ a - P (1.7) 
3 \ / M e O H , rt, 18h | 
M e g N - ^ ~ ^ ^ N M e s M e g N - ^ ^ " N M e g 
7 8 % 
Schubert utilized the promoting and stabilizing effect of chelation to obtain 
stable complexes by intramolecular oxidation addition of the C-Si bond in 
(phosphinoethyl)siliane PhzPCHaCHiSiPh] (Scheme 1.10).^ ^ 
8 0 
八 /SiPhs 70。C ‘  
(Ph3P)2Pt(C2H4) + 2 p. p / " " ^ • 
2 广 12 h 
Ph2 
+ C2H4 + 2PPh3 
p / 
Ph2 
5 2 % 
Scheme 1.10. Caryi-Si bond activation by Pt(0) oxidation addition 
The reaction of (Ph3P)2Pt(;r-C2H4) with the (phosphinoethyl)siliane at 
ambient temperature under identical conditions leads to the immediate formation of 
highly dynamic phosphine complexes Pt(P)x (x = 3,4;P = PPhs, Ph.PCH.CH.SiPhs) 
intermediate. After heating to 70 and evolution of the ethylene, the Caryi-Si bond 
activation product is obtained. 
When Ph2PCH2CH2SiMe3 is used, there is no subsequent reaction after 
formation of the Pt(P)x (P = Ph2PCH2CH2SiMe3) species even heated at higher 
temperature and longer reaction time.^^ Therefore, even chelation assistance is not 
sufficient to the less reactive Cmethyi-Si bond to undergo oxdative addition to Pt(0). It 
is know that Si-aryl groups are more easily cleaved by electrophiles than Si-alkyl 
groups. Si-alkyl bonds are less polarized than Si-aryl bonds. Therefore Si-Ph is more 
reactive than Si-Me in the oxidative addition. 
C(aryl)-Si bond cleavage of silanol has been shown by the work of 
Osakada]6 The reaction of dimethyl {4-(trifluoromethy l)pheny 1} silanol with 
[PtBr(PEt3)3]BF4 in 8:1 molar ratio in the presence of AgiO and 4入 molecular sieves 
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in anhydrous acetone produces fra"pPt(C6H4-CF3-4)2(PEt3)2 in 56 % isolated yield 
(Eq 1.8). 16 In the absence of molecular sieves, a mixture of trans-FtiCeiriA-CF^-
4)2(PEt3)2 and [Pt2(|>OH)2(PEt3)4KBF4)2 are obtained (Eq 1.9).'^  If addition small 
amount of water is added, the yield of fra/iy-Pt(C6H4-CF3-4)2(PEt3)2 decreases but 
the yield of [Pt2(|_i-OH)2(PEt3)4](BF4)2 increases. Heating of a mixture of the silanol, 
[PtBr(PEt3)3]BF4 and AgBF*' in acetone do not give franpPt(C6H4-CF3-4)2(PEt3)2， • 
but result in the exclusive formation of [Pt2(|i-OH)2(PEt3)4](BF4)2. The results 
suggest that activation of the Si-C bond in the reactions is induced by Ag20 rather 
than by BF4' anion. 
已r—ppEtsl 日 + F3C^r>‘0H A g . O 、 「 s C ^ ^ ^ P ^ C F s ( 1 . 8 ) 
I , \JJ I MS-4A, 60 °C, 30 h ^―^ PEt.^—^ 
- f-^tts J 。 
56% 
. PEt3 1 
Br-Rt-PEt3 B F , + F s C - T V s i - O H acetone, 
. PEt3 I 60。C, 30h 
/ = \ PEt3/= [Et3P、,0 ,PEt3]2+ 
F 3 C乂 > - R t - 4 ) - C F 3 + ,Pt、Pt、 BF4- (1.9) 
3 V j T ^ ^ j V J ^ B3P'、•‘、PEt3 
L H -
without addition of water: 51 % 29 % 
addition of water: 8 % 57 % 
This work demonstrates the formation of aryl-platinum bonds via 
transmetalation of an arylsilanol to a cationic platinum complex in the presence of 
Ag20. The selective cleavage of a Si-C(aryl) bond of silanol and the intermolecular 
transfer of the aryl group to a group 10 metal center are postulated to account for the 
results of Pd-catalyzed coupling reactions. 
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Tilley has reported intermolecular C(aryl)-Si bond activation by metathesis of 
silane. Reaction of the samarium hydride [Cp*2Sm(|>H)]2 with CeFsSiR^ in benzene-
d6 leads to the rapid and quantitative formation of phenyl derivative of samarium 
[Cp*2Sm(|a-C6F5)]2 and SiH4(Eq. 1.10产.Therefore, activation of the Si-C a bond of 
CeFsSiHs results in aryl-group transfer from silicon to samarium, with the formation 
of a stable Sm-CeFs aryl complex (Scheme l.ll)5a. enhance stability results from 
the inductive effect of the fluorine atoms, which increase the anionic character of the 
Sm-C bond. 
V2[Cp*2Sm(i_i-H)]2 + CeFsSiHg V2[Cp*2Sm(M-C6F5)]2 + SihU (1.10) 
-100 % 
r 
M H M H 
I I 
+ • ； •• • M-Ar 
ArSiHa [Af…-&H3J .SiH* 
Ar=C6F5 
Scheme 1.11. Cleavage of Si-C bond via four-centree transition 
state during metathesis 
Since the strength of the Sm-C bond of [Cp*2Sm(|>C6F5)]2 is strong enough 
to prevent further reaction, and no aryl transfer was observed from [Cp*2Sm(|^-
匸6卩5)]2 to the silicon center of CsFsSiH] at room temperature. However, in the 
samarium-catalyzed redistribution of PhSiHa, the phenyl derivative M-Ar is not 
observed since it would react rapidly with any PhSiHs still present in the solution 
(Scheme 1.12). 
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M-Ar 「 M Ar 1 本 MSiH^Ph 
I I 
+ ——-I i ^ + 
八。.u H SiHgAr 
ArSiH3 _ J ArH 
Ar=Ph 
Scheme 1.12. Unstablized M-Ar further reacts with ArSiHg 
The arylsilane a-bond activation chemistry is very sensitive to the electronic 
effects of the substituents on the aryl groups, such that reaction of the samarium 
hydride, with CeFsSiHs results in Si-C bond cleavage. This transformation represents 
a remarkable example of a system with a Si-C bond that is more reactive than Si-H 
bonds. Thus, polarized Si^ -^C^ " bonds such as that of CeFsSiHa are particularly 
susceptible to activation by metal hydride complexes. The electron-withdrawing 
ability of the CeFs" group gives rise to an electrophilic silicon center that is readily 
attacked by samarium hydride. In addition, Si-C bond cleavage results in formation 
of a robust Sm-C bond in [Cp*2Sm(|>C6F5)]2. Similarly, organolutetium complex 
[Cp*2Lu(|a-H)]2 and Cp*2LuMe also can activate the Caryi-Si bond of CsFsSiH] by 
metathesis” 
II.1.1.3.2 Intramolecular C(aryl)-Si Bond Activation 
Osakada also has reported thermally induced intramolecular C(aryl)-Si bond 
cleavage of LRhH(SiAr3)(^i-H)(!^-Cl)(RhH(SiAr3)L (Ar-CeHs, CsHqF-p; L=P('Pr)3) 
to give dinuclear Rh complex LRhH(|>SiAr3)OSiAr2)OCl) R h H L with bridging 




Ar3S^4/H\|^、、S_ toluene ’ H H 
L 〜 , 7 。 。 C ’ 2 h - J X r 
L=P('Pr)o Ar二CeHs’ 29 % 
、 Ar=C6H4F-p, 51 % 
Scheme 1.13. Thermal intramolecular C(aryl)-Si bond activation 
(i) Ar3S 靈 ^ 
1/ ci' L C a ' L 
(A) 
Arg Ar3 
-Ar-H ^ ys/f H H 八 H 
(ii) Ar Ar 
A Q. H H SiAr3 H''义八「 
\ \ / \ / ^ H a-bond metathesis Ar-,Si^ \ , \ 
Rh V h ^ ^ "Rh： R h ' H 
1/ b ^ L / X L 
H C 
《2 Ar3 
— ^ ^ A r 3 S i \ M / ^ H 八 H 
Rh Rh L — R h — R h - L 
L CI' L 
ArgSi CI 
Scheme 1.14. Possible mechanism for the intramolecular CSA in the bimetallic 
system 
Several pathways are possible for these reactions. Scheme 1.14 path (i) shows 
a pathway involving a-elimination of an aryl group of the triarylsilyl ligand of the 
starting complex followed by reductive elimination of arene and a change in 
coordination of the diarylsilylene group to a more stable bridging one. The reactions 
leading selective formation of fluorobenzene and the rate constants in the order Si-
C6H4F-P one > Si-Ph one can be rationalized by assuming that the reaction involves 
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formation of an intermediate (A) as the rate determining step. Fluoro substituents of 
the produced diarylsilylene ligand destabilize the intermediate and retard the 
reaction, while the Si-CsHdF-p bond is cleaved more readily than the Si-Ph bond to 
leave a smaller number of fluorine substituents in the diarylsilylene ligand. 
Scheme 1.14 path (ii) depicts a plausible reaction pathway involving an 
intramolecular c-bond metathesis type reaction of a Si-Ar bond with a Rh-H bond. 
The direct elimination of Ar-H followed by a change in the coordination mode of a 
hydrido and a triarylsilyl ligand between bridging and nonbridging will lead to the 
product. 
The high thermal stability of the symmetrically bridging coordination of the 
trisubstituted silyl ligand of the products seems to have electronic and steric reasons. 
The molecular structure with Rh-Rh bond between two 16-electron Rh(II) is 
maintained by the symmetrical coordination of the silyl ligand. The sterically 
demanding P('Pr)3 ligands probably increase the kinetic stability of the Rh-Si-Rh 
linkage. The conversion of the |i-r|\'n^ -coordination of the silyl ligand of the 
complex into a non-bridging coordination appears to be a facile reaction process, but 
does not occur even under heating due to the steric repulsion among P('Pr)3’ SiAr] 
and SiAr2 ligands. Thus, the bulky phosphine was chosen as the auxiliary ligand.'^  
Other than thermally induced C S A , photochemically induced C S A is shown 
by the work of Burger.'^ The C(sp-)-Si and Ru-Ru bonds of the dimethylsilylbridged 
permethylated complex Me2Si[(C5Me4)Ru(CO)2]2 are cleaved under photolysis (Eq 
1.11). 
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光、夢 ^  (1.1) 
^ ^ i 夕c〇 
O C Q C O C O 
9 5 % 
II.1.1.3.3 C(vinyl)-Si Bond Activation 
Reaction of tetrahydride complex Cp*Ru(^-H)4RuCp* with 
dimethylvinylsilane HSiMe2(CH=CH2) or trimethylvinylsilane SiMe3(CH=CH2) 
affords i^ -ethylidyne complex (Cp*Ru)2(|>i-SiMe2)(|>CCH3)(|>H) via C(vinyl)-Si 
bond cleavage (Scheme. 1.15).'^  
M e 
— • 
+ M e 
•^^SiMegR 70 % 
R=H, M e + R H + Hg 
Scheme 1.15. C(vinyl)-Si bond activation by tetrahydride rutherium complex 
Dimethylvinylsilane which has one Si-H bond and a vinyl group coordination 
of both Si-H and C = C bonds to the Ru centers are observed in the formation of the \jl-
dimethylvinylsilane complex {Cp*Ru(^-H)}2! ^ -ri-:r|--HSiMe2(CH=CH2)} (Scheme 
1.16). It is shown that |a-r|":r|"-coordination of vinylsilane would facilitate Si-C bond 
scission. The formation of intermediary t^-silyl, fi-vinyl complex (Cp*Ru)2(|a-ri'-
HSiMe2)(Ti-CH=CH2)(|a-H)(H) could be due to oxidative addition of C(vinyl)-Si 
bond. Finally, |a-ethylidyne complex (Cp*Ru)2(|>SiMe2)(|>CCH3)(|i-H) is obtained 
by elimination of H2 (Scheme 1.16). 
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M e 
M e . S i _ ^ 
100% 
Me、zMe M!，Me 
30 oc , - ^ ^ ( S l M - ^ R u ^ R u ^ 
oxidative additon \ • H2 } \ 
M e 
Scheme 1.16. Cleavage of the C(vinyl)-Si bond of |Li-dimethylvinylsilane 
complex 
When trimethylvilnylsilane, which has no Si-H bond, is employed as a reactant, 
successive Si-C(sp^) and Si-(sp^) bond cleavage reactions occur. Though mechanistic 
details are still unclear, it can be said that two Si-C bonds were cleaved by the 
cooperative action of two rutheriums. This activation was to be achieved via 
formation of a |Li-trimethylvinylsilane intermediate as shown Scheme 1.17. 
M e 
M e < ^ . 
i W � * 
Scheme 1.17. |a-Trimethylvinylsilane intermediate 
The work of Yamamoto showed that the C(vinyl)-Si bond of vinylsilanes 
could be cleaved by insertion and p-Si elimination. The ruthenium hydride complex, 
[RuCl(C0)H(PPh3)] undergoes insertion and p-Si elimination with vinylsilanes 
(Scheme 1.18). It also catalyses disproportionation of vinylsilanes without any 
additives (Scheme 1.19).-° 
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RuCI(CO)H(PPh3)3 + —ySiMesR • » RuCI(C〇)(PPh3)2(SiMe2R) + C2H4 + PPhg 
70。C 
R=Me,〇Et 60-65 % 
S c h e m e 1.18. Intermolecular C(vinyl)-Si bond c leavage of vinylsi lanes 
“ H H _ 
. • insertion - PPhs ^ 
RuCI(C〇)H(PPh3)3 + ^S.Me^R ^ (Ph3P)2(〇C)CIRu~|<^SiMe2R 
PPhg L H -
PPh3 
CI、、 
P f elimination 丨、r九、細e^R . H , C = C H 2 
〇 6 叫 ’ 
PPh3 
S c h e m e 1.19. C(vinyl)-Si bond c leavage by insert ion and p -Si e l iminat ion 
The C(vinyl)-Si cleavage was also observed by the work of the Werner et. al. 
There is selective cleavage of C(sp")-Si bond but not the C(sp)-Si bond of trans-
[RhCK=C=C(SiMe3)OCSiMe3)(P 'Pr3)2 to give the P-H vinylidene complex (Eq 
1.12).2I 
少 /SiMes y 
C卜 R h二 C = C、 THF, H2O C I _ R h ^ C = C、 (1.12) 
/ 、C、v • / C 々 广 
L 、C\ rt, 2 h L 
^SiMeg SiMe3 
L=P'Pr3 98 % 
II.1.1.4 C(sp)-Si Bond Activation 
Caulton has reported cleavage of the C(sp)-Si bond of alkynlsilane with 
ruthenium complex by oxidative addition. Rh(H)(CO)L2(L='Bu2MeP) reacts with 
excess MesSi三SiMe� to give Ru(SiMe3)(CCSiMe3)(CO)L2 via intermolecular C(sp)-
Si bond activation with coordination of both the SiRs and the alkynyl fragment (Eq. 
1.13).22 
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toluene / cyclohexane 
2Ru(H )2(C〇)L2 + M e g S i C三 C S i M e 3 • 
rt 
SiMeg 
O C — R U i c S i M e 3 + R _ 2 ( H 2 ) ( C 0 ) L 2 (1.13) 
/ 
L=^Bu2MeP 90 % 
The product has a square-pyramidal structure with trans phosphines. The silyl 
group occupies an apical position, showing that this is a stronger a donor ligand than 
the acetylide ligand which is in a basal site and trans to C O because this facilitates a 
push-pull Ti-donation from the acetylide filled 7i(CC) orbital. 
Recently, Jones has reported thermal and photochemical C(sp)-Si bond 
activation in donor-stabilized platinum(0)-alkyne complexes. The Pt-rj^-alkyne 
complex(PN)Pt(r|^-Me3SiC=CPh)(PN=(diisopropylphosphinodimethylamino)ethane) 
quantitatively rearranged to the Pt(II) complex (PN)Pt(SiMe3)(C三CPh) via the 
cleavage of the C(sp)-Si bond (Scheme 1.20).^ ^ The insertion of the metal center into 
the C-Si bond is selective. Only one isomer with the alkynyl group trans to the 
phosphorus atom and the SiMes group trans to the nitrogen atom is generated. 
However (PP)Pt(r|"-Me3SiC=CPh) (PP=bis(dicyclohexylphosphino)ethane, dcpe) 
shows no thermal C(sp)-Si bond activation. This shows that the nitrogen donor 
ligand in (PN)Pt(ri^-Me3SiC=CPh) facilitates the cleavage of the C(sp)-Si bond. 
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Rg 
R2 SiMe3 /SiMe3 
r^P\n ( CeDe �， P t P t - • l ^E V 
R,2 Q O 
E=N, R='Pr, R'=Me - 1 0 0 % 
E=P, R=R'=Cy 0 % 
Scheme 1.20. C(sp)-Si bond activation in donor-stabilized Pt (O)-alkyne 
complex 
Under the photochemical conditions, (PN)Pt(ri'-Me3SiC=CPh) is quantitatively 
converted to an approximately 1:1 mixture of two C S A isomers products I and II 
(Scheme 1.20). When warming the mixture of isomers to room temperature, isomer 
II rearranges to isomer I and only isomer I, which is the thermodynamically favored 
product, could be observed (Scheme 1.20). Different from thermal conditions, C(sp)-
Si bond activation in (PP)Pt(r|^-Me3SiC=CPh) is achieved under photochemical 
conditions. The bond cleavage reaction however is a reversible process. The thermal 
activation reductive elimination occurs and the (PP)Pt(ri"-Me3SiC=CPh) is 
regenerated (Scheme 1.21). The thermal accessibility of the reverse reaction 
indicates that the oxidative addition of the C(sp)-Si bond in (PP)Pt(r|^-Me3SiC=CPh) 
is uphill thermodynamically, whereas it is downhill complex in (PN)Pt(ri"-
MejSiC 三 CPh). 
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r V - 3 r2 D 
‘ O ^ ^ R , : e 3 
R2 SiMea -30 C’ _ K rt ^ / ^ ~ Z 
^Pt-j E=N, R='Pr, R_=Me 
E=P, R=R'=Cy 
Scheme 1.21. Photochemical induced C(sp)-Si bond activation 
Similarly, both C(sp)-Si bonds in Me3Si-C三C-OC-SiMe〕have been 
thermally activated by (PN)Pt(r|2-Me3SiC三CPh) to afford the dinuclear Pt(II) species 
(PN)Pt(SiMe3)-OC-OC-Pt(SiMe3)(PN).23 
II.1.2 Objective of the Work 
From the above examples, there are more examples of C(sp~)-Si bonds 
activation by transition metal complexes than that of C(sp^)-Si and C(sp)-Si. Most of 
^ Q A 1 A 
C(sp )-Si bond cleavage reactions involve strained relief systems. ’ ’ Examples of 
mfermolecular activation of aliphatic carbon-silicon bonds by transition metal 
complex via radical type oxidative addition have not been reported. The objective of 
this part concerns the first discovery of such process by the rhodium porphyrin 
radical with silylnitriles. 
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CHAPTER 2 Carbon-Silicon Bond Activation (CSA) of Nitriles 
11.2.1 Introduction 
In part 1，Rh(tmp) 5 radical has been shown to activate the carbon-carbon bond 
of nitriles successfully. Extension to the activation in carbon-silicon bond activation 
of silylnitriles would be anticipated based on the comparison of bond strengths and 
lengths. Generally the bond strength of C-Si bond is weaker and the bond length of 
C-Si bond is longer, so C-Si bond activation seems easier. 
11.2.2 Reactions between Rh(tmp) Radical and Silylnitriles 
In the C C A of f-butylcyanide (Section 1.2.2.4.2, Table 2.3), the Ca-Cp bond was 
cleaved (Type B) by Rh(tmp) 5 radical. As the C-Si bond activation is expected to be 
more facile, trimethylsilylcyanide was then used to investigate possible C-Si bond 
activation. Preliminary experiments showed that Rh(tmp) 5 did react with MesSiCN 
to give Rh(tmp)SiMe3 and Rh(tmp)CN (Eq 2.1). 
? 
liqand, 110°C 
2Rh(tmp) + M e g S i - C N - ~ ~ ： • Rh(tmp)SiMe3 + Rh(tmp)CN (2.1) 
5 CeDe 
II. 2.2.1 Investigation the C S A of Trimethylsilylcyanide by Rh(tmp) 
II. 2.2.1.1 Synthesis of Rh(tmp)SiMe3 
Authentic sample of Rh(tmp)SiMe3 was synthesized to confirm the structure of 
Rh(tmp)SiMe3. Rh(tmp)I 3 was reduced by Na/Hg in toluene at rt under N2 for 3 
days to yield Rh(tmp)". Subsequent addition of degassed MesSiCl to Rh(tmp)" in the 
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absence of light under N2 gave an orange-red solution (Eq. 2.2). After 
chromatographic purification, Rh(tmp)SiMe312 was isolated.""^  
1. Na/Hg, toluene, 
N2, rt, 3 d 
Rh(tmp)l • Rh(tmp)SiMe3 (2.2) 
3 2. MegSiCI, N2, rt, 2 h 12 
-15 % 
II. 2.2.1.2 Synthesis of Rh(tmp)CN 
Authentic sample of Rh(tmp)CN 13 was synthesized in 21 % according to a 
literature method from Rh(tmp)I 3 by reaction with excess silver cyanide in ethanol 
(Eq. 2.3).25 
Rh(tmp)l + A g C N 曰。〜 R h ( t m p ) C N + Agl (2.3) 
3 … 13 
21 % 
Rh(tmp)CN 13 was found to be insoluble in CHCI3, CH2CI2 and benzene. 
Identification by N M R in these solvents was not very practical. Rh(tmp)CN 13 
did show a characteristic at vcn =2162 cm"' in the IR spectrum. 
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II.2.2.1.3 Reactions between Rh(tmp) and Trimethylsilylcyanide 
Fortunately Rh(tmp)CN 13 dissolved in pyridine to form a red solution. 
Therefore, C S A of MeaSiCN in the presence of pyridine was investigated in a flame-
sealed N M R tube under vacuum. 
-10 eq, Py 
2Rh(tmp) + MegSiCN ^ Rh(tmp)SiMe3 + Rh(tmp)CN (2.4) 
5 CgDe, 110。C 12 13 
The reaction was monitored by (H N M R spectroscopy. The down field region 
of chemical shift (5 8.5-9.0 ppm) of pyrrole-H of rhodium porphyrin complexes of 
the reaction mixture showed the presence of Rh(tmp) 5 radical, Rh(tmp)SiMe3 12 
and Rh(tmp)CN 13. The initial spectrum after addition of MeaSiCN before heating 
showed that there were three major peaks appears in the region of 5 8.5-9.0 ppm, one 
of them was the pyrrole-H of Rh(tmp)SiMe312 (5 8.68 ppm) (Fig 2.1). The other two 
signals were assigned to the pyrrole-H of Rh(tmp) 5 radical (5 8.74 ppm) and 
pyrrole-H of Rh(tmp)CN 13 (5 8.85 ppm). 
Table 2.1 and Figure 2.2 show the integration of the methine signals of the 
reaction mixture as a function of time. The integration of the peak at 5 8.74 ppm 
decreased with time, but that of the peak at 5 8.85 ppm increased with time. Thus the 
peaks of 5 8.74 ppm and 5 8.85 ppm were assigned to the pyrrole-H of Rh(tmp) 5 
radical and the pyrrole-H of Rh(tmp)CN 13 respectively. The peaks at 5 8.85 ppm 
also matched with the signal in the authentic sample of Rh(tmp)CN 13 in pyridine. 
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Table 2.1. ^H NMR experiment result of CSA of MegSiCN with Py added 
-10 eq, Pv 
2Rh(tmp) + MegSiCN — • Rh(tmp)SiMe3 + Rh(tmp)CN (2.5) 
5 CgDg, 110°C, 9 h 12 13 
Integration % 
5 8.74 8.68 8.85 
Rh(tmp) 5 Rh(tmp)SiMe312 Rh(tmp)CN 13 
inital 16 17 43 
0.5 16 24 61 
1 11 30 75 
9 4 29 73 
The N M R evidence supports that Rh(tmp)CN 13 was formed. However, 
due to its poor solubility, isolation of Rh(tmp)CN 13 is difficult and it has not be 
isolated. The yields were only estimated by integration. Within experimental 
error in integration, the stoichiometry was established as shown in Eq 2.1. 
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II.2.2.1.4 Ligands effect on C S A of Trimethylsilylcyanide by Rh(tmp) 
Added phosphine was found to enhance the rate and the yield of C S A of 
trimethylsilylcyanide. When 1 eq. of PPhs was added in the reaction with MesSiCN, 
the Sia-CN bond of MejSiCN was cleaved and 88 % yield of Rh(tmp)SiMe312 was 
obtained in 3 h. Without PPh], the reaction took 10 h but only 16 % of Rh(tmp)SiMe3 
12 was obtained. (Eq 2.6 and Entries 1 and 2 in Table 2.2). 
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Table 2.2. Ligand effect on CSA of trimethylsilylcyanide 
^ S i — C N 
2Rh(tmp) • Rh(tmp)SiMe3 + Rh(tmp)CN (2.6) 
5 C6H6，N2’”0。C 12 13 
Ligand (2 eq) 
- % Yield of % Yield of 
Entryb Ligands (2 eq) Time /h Rh(tmp)SiMe312。Rh(tmp)CN 13。’。 
1 None 10 16 14 
2b P " f O ) 3 3 86,88丨 …-6 
3b P - ^ ^ ^ O M e 3 40 24 
4 1 99 60 
V 
� n Z 
5b,g 3 78 80 
‘ N � 
\ z 
6b 10 16 98 
V 
7 N T 10 28 ----e 
a: All entries with Rh(tmp)CH2CI as a side product due to the presence of CH2CI2 in 
the sample of Rh(tmp)Me 4. b:Trace amounts of Rh(tmp)Me 4 were observed, c: 
%Yielcls were based on 80 % of Rh(tmp) 5 generated through photolysis, d: Estimated 
from the integration of the ^ H N M R spectra of the crude reaction mixture, e: The yield 
could not be estimated due to low solubility of Rh(tmp)CN in that ligand and the signal 
overlapped with other fragments, f: 1 eq. of PPh^ ligand was added, g. 
4-Dimethylaminopyridine was not recrystalized. 
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Since PPh] ligand enhance the rate and the yield of C C A of Me^SiCN with 
Rh(tmp) 5，a series of other ligands were examined. They included benzonitrile, aryl 
phosphines and pyridines.(Eq. 2.6 and Table 2.2). All of them do not contain any 
aliphatic Ca-C or Ca-H bond to the ligating site to ensure their inertness with 
Rh(tmp) 5 radical. 
The effect on the C S A of MegSiCN by either or 1 eq. and 2 eq. of PPha was 
almost the same in yield and rate (Entry 2 in Table 2.2). Due to easier handling and 
more accurate addition of small amounts of reagents, 2 eq. of ligand was added 
throughout the study of C S A . (Eq. 2.6 and Table 2.2). 
Pyridine enhanced both the rate and the yield of Sia-CN bond activation of 
MesSiCN better than other ligands (Entry 4 in Table 2.2)，only Sia-CN bond was 
cleaved and 50 % yield of Rh(tmp)SiMe312 was obtained in 1 h. Electron donating 
groups, 4-dimethylaminopyridine (Entry 5) and 4-rerf-butylpyridine (Entry 6) in did 
not improve, but rather lower the yield and rate of the Sia-CN bond activation. The 
reason remains not fully understood. 
All 'H N M R spectra of the crude mixtures in Entries 1 and 3-6 showed signals 
assignable to pyrrole-H of other C S A product, Rh(tmp)CN 13’ with chemical shift 5 
8.82，8.88，8.86，8.93 and 8.88 ppm respectively. Since its solubility is low in most 
solvents, it could not be isolated easily and its yields were only estimated from the 
integration of methine signal in the 'H N M R spectra of the crude reaction mixtures. 
For Entries 1 and 7，due to the signals of Rh(tmp)CN 13 overlapped with other 
compounds and low solubility of it in these ligand, the yields of Rh(tmp)CN 13 could 
not be estimated. 
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II.2.2.1.5 Temperature effect on C S A 
To minimize any undesirable side reaction due to overheating, the optimal 
temperature of C S A was searched. Table 2.3 lists the result of varying the 
temperature of CSA. It was found that at 110 the highest yields were obtained in 
the shortest time (Entries 1 and 5). 
Tab le 2.3. Temperature effect on CSA of trimethy丨silylcyanide 
2Rh(tmp) • Rh(tmp)SiMe3 + Rh(tmp)CN (2.7) 
5 CeHe, N2 12 13 
%Yield of %Yield of 
Entr/ T e m p /°C Ligand^ Time /h Rh(tmp)SiMe312。Rh(tmp)CN 13。,* 
lb 110 PPh3 3 88 …-g 
2b 100 PPh3 3 70 …—g 
3b 70 PPhs 10 8 ——g 
4 125 Py 3 trace amount® -----^  
5 110 Py 1 99 60 
6 70 Py 3 76 78 
a: All entries with Rh(tmp)CH2CI as a side product due to the presence of CHgClg in the 
sample of Rh(tmp)Me 4. b-.Trace amounts of Rh(tmp)Me 4 were observed, c: %Yields were 
based on 80 % of Rh(tmp) 5 generated through photolysis, d: 1 eq PPhg was used, 2 eq of 
py was used, e: Only observed from the ^ H N M R spectrum of the crude reaction mixture.f: 
Estimated from the integration of the ^ H N M R of the crude reaction mixture, g: The yield 
could not be estimated. 
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II.2.2.2 Reactions between Rh(tmp) and other Silylnitriles 
Since 1 eq. of PPh] enhanced the rate and the yield of Sia-CN bond activation 
of MesSiCN, two other silylnitriles, f-butyldimethylsilylcyanide and 
trimethylsilylacetonitrile, were examined. (Eq. 2.8 and Table 2.4). 
Table 2.4. CSA of Silylnitriles by Rh(tmp) 5 with PPhg added 
Silylnitrile, 1 eq. PPh3 … 、 。 
Rh(tmp) ^ Rh(tmp)R (2.8) 
5 CgHe, N2，110-125 °C 
''Entry Silylnitrile Time Rh(tmp)R Yield /%。 
1 MegSi-CN 3h Rh(tmp)SiMe3l2 44 (88)^ 
Rh(tmp)Me 4 ^trace amount 
2 feuMegSi-CN 4d Rh(tmp)Me 4 ^trace amount 
3 MegSiCHgCN 5d Rh(tmp)Me 4 16 
Rh(tmp)CH2CN 14 24 
a: Only a low intensive spot was obsen/ed from TLC. b: All entries with 
Rh(tmp)CH2Cl as a side product due to presence of CH2CI2 in the sample 
of Rh(tmp)Me 4. c: %Yields were based on 8 0 % of Rh(tmp) 5 generated 
through photolysis, d: Silynitrile as the limiting reagent. 
In Table 2.4’ 它uMeaSiCN did not undergo C S A presumably due to steric 
hindrance (Entry 2). For MejSiCHo.CN, the weaker Si-Ca and Si-CHs bonds were 
cleaved rather than the stronger Ca-CN bond (Entry 3). Moreover, Si-Ca bond is 
weaker than Si-CHs bond and Si-Ca bond is closer to C N group, Si-Ca bond 
activation was more facile to give higher yield of Rh(tmp)CH2CN 14 than 
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Rh(tmp)Me 4. The other possible Si-Qx bond activation product Rh(tmp)SiMe3 12 
was not observed. Likely Rh(tmp)CH2CN 14 was thermodynamic more stable and 
less steric hindered than Rh(tmp)SiMe312. No pyrrolic signal of Rh(tmp)CN 13 was 
detected in the 'H N M R spectrum of the crude reaction mixture, therefore no 
Ca-CN bond cleavage occurred. 
II.2.3 Mechanism of CSA of Trimethylsilylcyanide 
Although Rh(tmp) 5 radical reacted with MesSiCN to form Rh(tmp)SiMe3 12 
and Rh(tmp)CN 13，the reaction may operate through electron transfer and the actual 
reactive species may be Rh(tmp)+ 15 or Rh(tmp)' 16. Therefore, Rh(tmp)C104 15, 
generated from Rh(tmp)I 3 and AgC104, was reacted with MesSiCN for 10 h at 110 
(Scheme 2.1).^ ^ N o Rh(tmp)SiMe3 12 was observed by T L C analysis of the 
reaction mixture. Besides, Na[Rh(tmp)] 16, synthesized from reduction of Rh(tmp)I 
3 with 4 % Na/Hg, was also treated with MesSiCN for 10 h at 110 N o 
Rh(tmp)SiMe3 12 was observed by T L C analysis of the reaction mixture (Scheme 
2.1). Therefore, the actual reacting species is Rh(tmp) 5 without any significant 
electron transfer occurring. 
AgCI〇4’ CH2CI2 MegSiCN, CHgClg 
Rh(tmp)l • [Rh(tmp)+] • No reaction 
。 N2, rt, 1.5h N2, 110°C, 10 h 
3 15 
4% Na/Hg, Ng MegSiCN, CsHe 
Rh(tmp)l • [Rh(tmp)'] • No reaction 
CQHQ, rt, 2.5 d N2. 110°C, 10 h 
3 16 
Scheme 2.1. Reactions of Rh(tmp)+ 15 and Rh(tmp)' 16 with MegSiCN 
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The possibility of pyridine in the direct activation of MesSiCN was also 
investigated. As pyridine has been regarded as a silylation catalyst since it forms 
CgHsNSiMes^Cr with MesSiCl (Eq 2.9), which may be the actual active silyl 
donor.27 Therefore, MesSiCN may form adduct with Py or PPh〗 in undergoing C S A 
(Eq. 2.10). 
^ N + - S i - C I ——• + CI- (2.9) 
+ -^Si-CN — ^ + CN" (2.10) 
However, no reaction observed between MesSiCN and PhsP or pyridine. 
MesSiCN was reacted with PhsP or Py at 110 for 3h in C^De in flame-sealed 
N M R tubes, no observable changes were noted. The above results supported 
MeaSiCN is reacting with Rh(tmp)(py). In the limiting but less likely case, steady 
state concentration of py. MesSiCN adduct, if any, may react with Rh(tmp). 
II.2.3.1 Proposed Mechanism of C S A of Trimethylsilylcyanide by Rh(tmp) 
Scheme 2.2 shows the proposed mechanism of C S A of MesSiCN by Rh(tmp) 5. 
The Rh(tmp) 5 radical firstly is coordinated (end-on or side-on) by the cyanide group 
of MesSiCN. The Sia-CN is activated and undergoes a radical oxidative addition by 
Rh"(tmp) 5 with the Sia-CN cleaved to yield Rh"\tmp)SiMe3 12 and C N radical. 
The unreacted Rh(tmp) 5 reacts with C N radical immediately to yield Rh(tmp)CN 13 
(Scheme 2.2 path (i)). Alternately, two molecules of Rh(tmp) 5 can react with one 
molecule of MesSiCN via a three centered transition state to give Rh(tmp)SiMe3 12 
and Rh(tmp)CN 13 after rearrangement from Rh(tmp)NC. (Scheme 2.2 path (ii)): 
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(i) ^ ^ / 
(L)Rh(tmp)广 + N = ^ S i — sl。w> (L)Rh(tmp)SiMe3 + N = C . 
5 W \ 12 
N E C . Hr -(^RhOmp) (L)Rh(tmp)CN 
5 13 
L= pyridines, phosphines 
(ii) ( 7 ^ 、 
(L)Rh(tmp).'^ S i — + /Rh(tmp) »> Rh(tmp)SiMe3 + 
5 ' \ 5 12 
(L)(tmp)Rh-N=C ： 
fast 
(L)(tmp)Rh — N = C ： • (L)Rh{tmp)CN 
13 
L= pyridines, phosphines 
Scheme 2.2. Sia-CN bond activation of MegSiCN by Rh(tmp) 5. 
II.2.4 A Comparison of CSA and CCA of Nitriles 
The C C A of r-butylcyanide (Section 1.2.2.4.2, Table 2.3) and the C S A of 
trimethylsilylcyanide (Section 11.2.2.1.4，Table 2.2) are noteworthy in the difference 
of bond cleavage (Eq. 2.11 and Table 2.5). The C S A of Me^SiCN (Entry 1) is Sia-CN 
bond activation; however the C C A of 'BuCN (Entry 2) is Ca-Cp bond activation. The 
difference between these may include kinetic and thermodynamic reasons. 
Table 2.5. Compasion of CSA and CCA of nitriles 
Nitrile, 1eq. PPh3 
Rh(tmp) • Rh(tmp)R (2.11) 
5 CeHe. Ng, 110-125 °C 
Entry Nitrile Time Rh(tmp)R Yield /% Bond Activation 
1 MegSi—CN 3h Rh(tmp)SiMe3l2 44 (88)" Sia-CN 
2 MegC-CN 2d Rh(tmp)CH3 4 24 Ca-Cp 
a： Based on MeaSiCN as a limiting reagent. 
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For the thermodynamically challenging reactions of C C A and C S A , the input 
of energy required to cleave the Ca-CN bond or Sia-CN bond should be compensated 
by the formation of the new Rh-C or Rh-Si bonds. 
The activation of Si-CN is likely kinetically more favorable. Since silicon has a 
covalent radius larger than that of carbon, so the Si-C bond is longer than C-C 
bond.3i Therefore, MejSi group is less sterically hindered than the 'Bu group base 
[C-Si (1.88 A), C-C (1.54 A)]. 27’3b The steric bulk of MesSi is in between that of an 
ethyl and isopropyl group.^^ Hence, Rh(tmp) 5 reacts with MesSi-CN bond faster 
than with MesC-CN bond. 
The product stability is also an important factor. The higher a bonding of 
silicon than carbon is precedent. The bond strength of Co-Si bond of Co(CO)4SiCl3 
(76 kcalmor^) is higher than that of Co-C in Co(CO)4CCl3 (53.10 kcalmor')" 
Therefore, Rh-SiMe] bond of Rh(tmp)SiMe3 would be stronger than Rh-C bond of 
Rh(tmp)CMe3 and the C S A is thermodynamically more favorable. 
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CHAPTER 3 Experimental Section 
General Procedures 
All materials were obtained from commercial suppliers and used without 
further purification unless otherwise specified. Benzene, benzene-J^ and toluene 
were distilled from sodium under N2. Chloroform was distilled from calcium 
chloride under N2. Hexane was freshly distilled from calcium hydride under N2. 
Tetrahydrofuran (THF) and diethyl ether were freshly distilled from sodium 
benzophenone ketyl under N2. Dichloromethane, 1,2-dichloroethane and 
trimethylsilylchoride were distilled from calcium hydride under N2. Benzonitrile and 
acetonitrile were distilled from P2O5 under N2. Pyridine and p-r-butylpyridine were 
distilled from K O H under N2. Tris(4-methoxyphenyl) phosphine was recrystalized 
from hexane and dried by vacuum pump. 
Thin layer chromatography was performed on Merck precoated silica gel 60 
F254 plates. Column chromatography was performed on silica gel (70-230). 
Triphenylphosphine solution (0.1 M in benzene), which was prepared from 
recrystalized triphenylphosphine in hexane and dissolved in distilled benzene. 
Physical and Analytical Measurements 
IH N M R spectra were recorded on a Bruker DPX-300 (300 MHz). Chemical 
shifts were referenced with the residual solvent protons in C^Ds (6 7.15 ppm), 
CDCI3 (5 7.24 ppm) or with tetramethylsilane (5 0.00 ppm) as the internal standard. 
Chemical shifts were referenced with the residual solvent protons in C6D6 (5 7.15 
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ppm) as the internal standard. " C N M R spectra were recorded on a Bruker DPX-300 
(75.47 M H z ) spectrometer. Chemical shifts were referenced to the residual solvent 
peak of C6D6 (5 128.0 ppm) or CDCI3 (5 77.0 ppm). 
Mass spectra were recorded on Hewlett Packard 5989B mass spectrometer 
(FAB modes and E.I. modes at 70 eV) or a Bruker A P E X 47e FT-ICR mass 
spectrometer (FAB and ESI modes) or Themo Finnigan M A T 95XL mass 
spectrometer (FAB mode). Fast atom bombardment spectra were obtained using 3-
nitrobenzyl alcohol (NBA) as the matrix. Electrospray ionization spectra were 
obtained with a solvent mixture of acetone with 3 % of acetic acid. 
Gas chromatography was performed on a H P G1800 G C D system using a 
H P 5 M S column (30 m x 0.25 m m x 0.25 |j.m), temperature programming: initial 
temperature 100 oC, duration 2 min.; increment rate 20 oc/min.; final temperature 
280 OC, duration 15 min. 
3ip N M R spectra were recorded on a Varian 400 (162 M H z ) and referenced to 
85 % H3PO4 externally. Coupling Constants (7) were reported in Hertz (Hz). 
IR spectra were obtained on either a Nicolet Magne-Ir 550 FT-ER 
spectrophotometer, Perkin Elmer Pargagon 500 Ft-IR spectrophotometer or a Perkin 
Elmer 1600 FT-IR spectrophotometer. Samples were prepared either as neat film on 
KBr plates or as a KBr disk. 
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Preparation of 5,10,15,20-Tetramesitylporphyrinato Rhodium (II) [Rh(tmp)] 
(5). 34,35 Method A: To an N M R tube that connected with a Rotaflow adapter, 
Rh(tmp)CH3 4(1.0 mg, 1.1 jimol) was charged with C6D6 (0.4 mL). C6D6 was acted 
as the internal standard for N M R integration. The clear orange solution was then 
degassed by the freeze-pump-thaw method (3 cycles) and the N M R tube was flame-
sealed under high vacuum. The N M R tube was then irradiated under a 400 W Hg-
lamp at 6-10 ^C for 3.5 h. Method B: To a Teflon screwhead stoppered flask, 
Rh(tmp)CH3 4 (10.0 mg, 0.01 mmol) was dissolved in CeHg (4.0 m L ) to form a clear 
orange solution. The reaction mixture was then degassed by the freeze-pump-thaw 
method (3 cycles) and refilled with N2. The reaction mixture was irradiated under a 
400 W Hg-lamp at 6-10 oC until complete Rh(tmp)CH3 4 consumption was 
confirmed by T L C analysis (6 - 8 h). 
Preparation of 5，10，15，20-Tetramesitylporphyrinato Trimethylsilyl Rhodium 
(III) [Rh(tmp)SiMe3] (12)? Rh(tmp)I 3(100 mg, 0.10 mmol) and Na/Hg (4 %，3 g) 
in freshly distilled toluene (50 ml) was degassed by freeze-pump-thaw method (3 
cycles). The red solution was stirred at rt under N2 for 3 days to give brown solution. 
The solution was added into a degassed solution of McsSiCl (0.76 ml, 6.00 mmol) 
via a cannular under N2 at r.t. in the absence of light. The solution was stirred for 2 h 
and CH2CI2 was added. The mixture was washed with water (50 ml x 2) and dried by 
MgS04. The solvent was removed by high vacuum and the resulting residue was 
chromatographed over silica gel using CH^Cb/hexane (1:5) as the eluent. The first 
fraction was collected and evaporated to dryness to give an orange solid 
Rh(tmp)SiMe312(13.9 mg, 1.5 ^ imol, 15 %)• Rf= 0.55 (hexane-.CHiCh == 5:1) 'H 
N M R (CfiDe, 300 Hz) 6 -3.07 (s, 9 H), 1.63 (s, 12 H), 2.41 (s, 12 H), 2.41 (s, 12 H), 
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6.84 (s, 4 H), 7.41 (s, 4 H) 8.69 (s, 8 H); 'H N M R (CDCI3, 300 Hz) 5 -3.47 (s, 9 H), 
1.52 (s, 12 H), 2.52 (s, 12 H), 2.60 (s, 12 H), 8.43 (s, 8 H), '^C N M R (CgDg, 75.5 Hz) 
5 1.4, 21.4, 21.5, 23.0, 30.2, 127.1, 131.0, 137.7, 138.5, 140.1，143.5 '^C N M R 
(CDCI3, 75.5 Hz) 5 1.0，21.3, 21.4’ 22.7, 29.7, 127.8’ 130.4，138.3, 138.4’ 142.9 
HRMS(FABMS): Calcd for (C59H5iN4SiRh)+: m/z 956.3715. Found: m/z 956.3729. 
Preparation of 5，10，15，20-Tetramesitylporphyrinato Cyanide Rhodium (III) 
[Rh(tmp)CN] (13).25 Rh(tmp)I 3 (50 mg, 0.05 mmol) was dissolved in dried EtOH 
(60 ml) to form a reddish brown solution. A g C N (20 mg, 0.15 mmol) was added to 
the solution and it was stirred Id under N2 at r.t. in the absence of light for 1 days. 
After that, there was an orange-red precipitate in the orange solution. The precipitate 
was filter out and washed with water and ethanol. The red solid Rh(tmp)CN 13 (9.5 
mg, 0.01 mmol, 21 % ) was nearly not soluble in CHCI3，CH2CI2 or CeUe. ^ H N M R 
(C6D6, 300 Hz) 51.92 (s, 12 H), 1.98 (s, 12 H), 2.42 (s, 12 H), 8.87 (s, 8 H); IR (KBr, 
cm"') V 2162; H R M S (FABMS): Calcd for (C57H42N5Rh)+: m/z 909.3272. Found: m/z 
909.3229. 
Reaction between [Rh(tmp)] (5) and Trimethylsilylcyanide (MesSiCN). 
Trimethylsilylcyanide (0.01 m L , 0.08 mmol) which was degassed by the freeze-
pump-thaw method (3 cycles) was added via a micro-syringe to a benzene solution 
of [Rh(tmp)] 5 and the reaction mixture was then heated at 110 ^ C for 10 h under N2 
in the absence of light. The crude product was purified by chromatography on silica 
gel using a solvent mixture of hexaneiCH^Cl! (10:1) to hexaneiCHiCli (5:1) as the 
gradient eluents to give an orange solids of Rh(tmp)SiMe3 12 (0.6 mg, 0.6 fimol, 16 
no 
% ) with identical 'H N M R spectral characteristics with that of an authentic sample. 
Rf 二 (hexane:CH2Cl2 = 5:1). 
Reaction between [Rh(tmp)] (5) and Trimethylsilylcyanide (MesSiCN) with 
PPha added. Triphenylphosphine solutions (0.1 mL, 0.01 mmol) was added to the 
solution of [Rh(tmp)] 5 at rt. Degassed trimethylsilylcyanide (0.01 m L , 0.08 mmol) 
was then added to the adduct solution and heated at 110 ^ C for 3 h under N2 in the 
absence of light. The crude product was purified by chromatography on silica gel 
using a solvent mixture of hexane:CH2Cl2 (10:1) to hexane:CH2Cl2 (5:1) as the 
gradient eluents to give orange solids of Rh(tmp)SiMe3 12 (3.7 mg, 3.9 ^ imol, 88 % ) 
with identical N M R spectral characteristics with that of an authentic sample. Rf: 
0.55 (hexane:CH2Cl2 二 5:1). 
Reaction between [Rh(tmp)] (5) and Trimethylsilylcyanide (MesSiCN) with 
Tris(4-methoxyphenyl) phosphine [P(/7-OMePh)3] added. Tris(4-methoxyphenyl) 
phosphine (7.0 mg, 0.02 mmol) was added to the solution of [Rh(tmp)] 5 at rt. 
Degassed trimethylsilylcyanide (0.01 m L , 0.08 mmol) was then added to the adduct 
solution and heated at 110 ^ C for 3 h under N2 in the absence of light. The crude 
product was purified by chromatography on silica gel using a solvent mixture of 
hexane:CH2Cl2 (10:1) to hexane:CH2Cl2 (5:1) as the gradient eluents to give an 
orange solids of Rh(tmp)SiMe3 12(1.5 mg, 1.6 ^ imol, 40 % ) with identical 'H N M R 
spectral characteristics with that of an authentic sample. Rf= 0.55 (hexane:CH2Cl2 二 
5:1). 
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Reaction between [Rh(tmp)] (5) and Trimethylsilylcyanide (MeaSiCN) with 
Pyridine added. Method A: Distilled and degassed pyridine (2.0 |aL, 0.02 mmol) 
was added to the solution of [Rh(tmp)] 5 at rt. Degassed trimethylsilylcyanide (0.01 
m L , 0.08 mmol) was then added to the adduct solution and heated at 110 for 1 h 
under N2 in the absence of light. The crude product was purified by chromatography 
on silica gel using a solvent mixture of hexane:CH2Cl2 (10:1) to hexaneiCHiCb 
(5:1) as the gradient eluents to give an orange solids of Rh(tmp)SiMe3 12 (3.8 mg, 
4.0 i^mol, 99 % ) with identical 'H N M R spectral characteristics with that of an 
authentic sample. Rf: 0.55 (hexane:CH2Cl2 = 5:1). Method B ( N M R experiment): 
Distilled and degassed pyridine (1.0 ^ iL, 0.01 mmol) was added with [Rh(tmp)] 5 in 
CeDe at r.t. to an N M R tube connected with a Rotaflow adapter. 
Trimethylsilylcyanide (0.01 m L , 0.08 mmol) was then added. It was the flame-sealed 
under vacuum. The reaction was heated at 110 °C for 9 h in the absence of light. The 
reaction was tracked by ^H N M R . Both Rh(tmp)SiMe3 12 and Rh(tmp)CN 14 were 
observed. 
Reaction between [Rh(tmp)] (5) and Trimethylsilylcyanide (McaSiCN) with 4-
Dimethylaminopyridine (p-Mei^Fy) added. 4-Dimethylaminopyridine (2.4 mg, 
0.02 mmol) was added to the solution of [Rh(tmp)] 5 at rt. Degassed 
trimethylsilylcyanide (0.01 m L , 0.08 mmol) was then added to the adduct solution 
and heated at 110 ^ C for 3 h under N2 in the absence of light. The crude product was 
purified by chromatography on silica gel using a solvent mixture of hexane:CH2Cl2 
(10:1) to hexane:CH2Cl2 (5:1) as the gradient eluents to give orange solids of 
Rh(tmp)SiMe3 12 (3.0 mg, 3.1 jimol，78 % ) with identical N M R spectral 
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characteristics with that of an authentic sample. Rf = 0.55 (hexane:CH2Cl2 = 5:1). 
Rh(tmp)Me 4(1.6 mg, 1.8 ^ imol, 22 % ) with identical N M R spectrum with that of 
an authentic sample. Rf= 0.57 (hexane:CH2Cl2 = 5:1). 
Reaction between [Rh(tmp)] (5) and Trimethylsilylcyanide (MesSiCN) with 4-
^er^-Butylpyridine (p-Bupy) added. Distilled and degassed 4-r-Butylpyridine (3.0 
jiL, 0.02 mmol) was added to the solution of [Rh(tmp)] 5 at r.t. Degassed 
trimethylsilylcyanide (0.01 m L , 0.08 mmol) was then added and the solution was 
heated at 110 °C for 10 h under N2 in the absence of light. The crude product was 
purified by chromatography on silica gel using a solvent mixture of hexane:CH2Cl2 
(10:1) to hexane:CH2Cl2 (5:1) as the gradient eluents to give orange solids of 
Rh(tmp)SiMe3 12 (0.4 mg, 0.4 ^imol, 16 % ) with identical 'H N M R spectral 
characteristics with that of an authentic sample. Rf: 0.55 (hexane:CH2Cl2 = 5:1). 
Reaction between [Rh(tmp)] (5) and Trimethylsilylcyanide (McaSiCN) with 
Benzonitrile (PhCN) added. Distilled and degassed benzonitrile (2.0 ^L, 0.02 
mmol) was added to the solution of [Rh(tmp)] 5 at rt. Degassed trimethylsilylcyanide 
(0.01 mL, 0.08 mmol) was then added and the solution was heated at 110 °C for 10 h 
under N2 in the absence of light. The crude product was purified by chromatography 
on silica gel using a solvent mixture of hexane:CH2Cl2 (10:1) to hexane:CH2Cl2 
(5:1) as the gradient eluents to give orange solids of Rh(tmp)SiMe3 12 (1.1 mg, 1.1 
|imol, 28 % ) with identical 'H N M R spectral characteristics with that of an authentic 
sample. Rf= 0.55 (hexane:CH2Cl2 = 5:1). 
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Reaction between [Rh(tmp)] (5) and r-Butyldimethylsilyl Cyanide ('BuMezSiCN) 
with PPh3 added. Triphenylphosphine solution (0.1 m L , 0.01 mmol) was added to 
the solution of [Rh(tmp)] 5 at rt. r-Butyldimethylsilyl cyanide (0.01 m L , 0.05 mmol) 
was then added and the solution was heated at 110 for 4 days under N2 in the 
absence of light. The ^H N M R spectrum of the crude reaction mixture showed trace 
amount of Rh(tmp)Me 4 and other unknowns. 
Reaction between [Rh(tmp)] (5) and (Trimethylsilyl)acetonitrile (MeaSiCHjCN) 
with PPh3 added. Triphenylphosphine solution (0.1 m L , 0.01 mmol) was added to 
the solution of [Rh(tmp)] 5 at rt. (Trimethylsilyl)acetonitrile (0.01 m L , 0.08 mmol) 
was then added and the solution was heated at 110 ^ C for 4 days under N2 in the 
absence of light. The crude product was purified by chromatography on silica gel 
using a solvent mixture of hexane:CH2Cl2 (10:1) to hexane:CH2Cl2 (1:1) as the 
gradient eluents to give orange solids Rh(tmp)Me 4 (2 mg, 16 % ) with identical 'H 
N M R spectrum with that of an authentic sample. Rf= 0.57 (hexane:CH2Cl2 = 5:1) 
and Rh(tmp)CH2CN 14 (1.8 mg, 2.0 i^mol, 24 % ) Rf= 0.47 (hexane:CH2Cl2 =1:1); 
N M R (C6D6, 300 Hz) 5 -4.89 (d, 2 H,y = 3.9 Hz), 1.90 (s,12 H), 2.22 (m, 12 H)， 
2.44 (s, 8 H), 8.80 (s, 8 H); IR (KBr, cm"') v 2304; HRMS(FABMS): Calcd for 
(C58H54N5Rh)+: m/z 923.3429. Found: m/z 923.3384. 
Reaction between [Rh(tmp)+] (15) and Trimethylsilylcyanide (McsSiCN)."^ 
Rh(tmp)I 3 (50 mg, 0.05 mmol) and AgC104.xH20 (36.3 mg, 0.175 mmol) were 
stirred vigorously in CH2CI2 (25 ml) for 1.5 h at r.t. under N2. After removal of 
solvent, the crude product was chromatographed on silica gel using CH2CI2 :EA (5:1) 
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as the eluent. The product (19.9 mg) obtained was recrystallized from 
CH2Cl2/hexane. This orange crude product (10 mg) was stirred with MesSiCN (0.01 
ml, 0.08 mmol) at r.t. under N2 for 1 h and at 110 for 1 h. N o Rh(tmp)SiMe 12 
was observed on T L C and 'H N M R analysis. 
Reaction between IRh(tmp)"]. (16) and Trimethylsilylcyanide (MeaSiCN)."^ 
Rh(tmp)I 3 (30 mg, 0.03 mmol) and 4 % Na/Hg, which was prepared by vigorously 
stirring and heating Na (40 mg, 1.74 mmol) and Hg (960 mg, 4.75 mmol) under N2 
until a small explosion occurred, were stirred vigorously in benzene (15 ml) at r.t. 
under N2 for 2.5 days. The orangish brown solution was then filtered and transferred 
to MesSiCN (0.02 ml, 0.15 mmol)and stirred under N2 at r.t. for 1 h and at 110 °C for 
10 h. N o Rh(tmp)SiMe3 12 was observed on T L C and 'H N M R analysis.. 
Reaction between Trimethylsilylcyanide (MeaSiCN) and ？?h^, 
Trimethylsilylcyanide (0.01 ml, 0.08 mmol), PPhs solution (0.1 ml, 0.01 mmol), 
which was 0.1 M stock CeDe solution, and CeDe (4 ml) were added into the N M R 
tube which connected with a Rotaflow adapter. It was the flame-sealed. The reaction 
was heated at 110°C for 3 h and the reaction was tracked by 'H N M R . N o observable 
changes were noted in the 'H N M R spectra. 
Reaction between Trimethylsilylcyanide (McsSiCN) and Pyridine. 
Trimethylsilylcyanide (0.01 ml, 0.08 mmol), pyridine solution (2.0 ^ iL, 0.02 mmol) 
and C6D6 (4 ml) were added into the N M R tube connected with a Rotaflow adapter. 
It was the flame-sealed. The reaction was heated at 110 for 3 h and the reaction 
was tracked by 'H N M R . N o observable changes were noted in the ^ H N M R spectra. 
1 1 5 
Conclusion 
The rhodium(II) radical of mg5<9-tetramesitylporphyrin (tmp) was synthesized 
in good yield by a modified method of photolysis of Rh(tmp)Me under anaerobic 
conditions at low temperature. A novel mr^rmolecular activation of unstrained 
carbon-silicon bonds of silylnitriles by Rh(tmp) was discovered for the first time. 
Aryl substituted ligands, such as PPh], P(p-MeOPh)3’ Py, /^-Me^NPy’ p-'BuPy and 
PhCN, enhanced the rate and yield of C-Si bond activation of silylnitriles. Three 
types of C-Si bond activations of silylnitriles were observed: Sia-CN bond 
activation, Sia-Cp bond activation and Sip-Ca bond activation. The Sia-CN bond 
activation of trimethylsilylcyanide with Rh(tmp) in the presence of ligand gave 
higher yields of Rh(tmp)SiMe3 and Rh(tmp)CN. Comparison of C-C and C-Si bond 
activation was also made. 
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